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I. Basis of the report 
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Description, pages: 

1-21 
31-35 



as originally filed 
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Claims, No.: 
1-58 
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21/09/2000 with letter of 



20/09/2000 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 
Inventive step (IS) 



Yes: 
No: 

Yes: 
No: 



Industrial applicability (lA) Yes: 

No: 



Claims 1-58 
Claims 

Claims 25-46 

Claims 1-24,47-58 

Claims 1-58 
Claims 
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2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



D1... IMMUNOLOGY TODAY, 15:469-474, 1994 
D2...THE LANCET 1988, VOL 1 (8598) 1295-1298 
D3....WO-A-9609805 (ZONAGEN, INC) 



D1 discloses the existing birth-control vaccines containing hCG, such as hCGp-TT 
conjugates adsorbed on AL(OH)3 or hCG(3-CTP(109-145)-DT conjugates with MDP, see 
page 470 box 1 . 

Further details concerning the ranges of protein contained in the vaccines of D1 are 
provided in D2, see table I, page 1296. D2 is commented in D1, see reference 7 and 
hence can be considered to be included in the disclosure of D1. 

In view of the prior art the subject matter of claims 1-58 appears to be new in the sense 
of Article 33(2) PCT. 



For the analysis of the inventive step of the claims 1 -58 D1 is considered to be the closest 
prior art. The main difference between the present application and D1 is that D1 uses 
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adjuvants other than chitosan. In view of this difference the problem to be solved by the 
present application can be defined as the provision of alternative vaccines comprising 
hCGp and adjuvants for inducing antifertility. 

D3 describes the adjuvant efficacy of chitosan to potentiate the immune response against 
antigens. D3 shows said effect with zona pellucrda antigens in examples 11-12. While it 
could be stated that there is no direct suggestion in D3 or in D1 to the combination of 
chitosan and hCGp to induce infertility by mounting an immune response against hCGp, 
it is also the case that the present application only exemplifies that said combination 
induces an antibody response against hCGp (see example 6). However, the technical 
problem to be solved as defined above ( provision of altemative vaccines comprising hCG(3 
and adjuvants for inducing antifertility) has not been shown to have actuallv been solved 
in the present application, as no evidence supporting the antifertility efficacy of the claimed 
vaccines has been provided. 

The I PEA is of the opinion that what has been shown in example 6 of the present 
application (obtaining an antibody response against hCG(3) would have been obvious for 
the skilled person on the basis of the teachings of D1 and D3 without any inventive skill, 
as the skilled person would have expected, taking into account the known adjuvant 
properties of chitosan (D3), that the combination chitosan-hCGP would have induced an 
immune response against said hCGp. Hence, the subject matter of claims 1-24 and 47-58 
appears to lack an inventive step in the sense of Article 33(3) PCT. 



On the contrary there is no suggestion in the prior art concerning the methods of claims 
25-46 and thus this matter involves an inventive step in the sense of Article 33(3) PCT. 
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Re Item Vlil 

Certain observations on the international application 

The terms "fragments" and "analogs" of claims 1,13, 25, 36, and 47 are open-ended and 
as a result the scope of said claims is vaguely defined and thus said claims are considered 
as unclear in the sense of Article 6 PCT. 
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<212> DMA 

<213> Homo sapiens 

<220> 

<22l> CDS 

<222> (7) . . (765) 

<400> 3 



cgaacg atg aga ttt cct tea att ttt act gca gtt tta ttc gca gca 46 
Met Arg Phe Pro Ser He Phe Thr Ala Val Leu Phe Ala Ala 
^ 5 10 

tec tec gca tta get get cca gtc aac act aca aca gaa gat gaa acg 96 
ser Ser Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr 
15 20 25 30 

gca caa att ccg get gaa get gtc ate ggt tac tea gat tta gaa ggg 144 
Ala Gin He Pro Ala Glu Ala Val He Gly Tyr Ser Aap Leu Glu Gly 
35 40 45 

gat ttc gat gtt get gtt ttg cca ttt tec aac age aca aat aac ggg 192 
Asp Phe Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Glv 
50 55 €0 

tta ttg ttt ata aat act act att gcc age att get get aaa gaa gaa 240 
Leu Leu Phe He Asn Thr Thr He Ala Ser He Ala Ala Lys Glu Glu 
65 70 75 

ggg gta tct etc gag aaa aga gag get gaa get tac gta gaa ttc gac 286 
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80 85 90 

ccg ggc tgc aga gat etc aag gag ccg ctt egg cca egg tgc cgc ccc 336 
Pro Gly Cys Arg Asp Leu Lys Glu Pro Leu Arg Pro Arg Cys Arg Pro 
95 100 105 HO 

t?"" ^^"^ ^""^ ^^"^ «^ gtg tgc ate 364 

He Asn Ala Thr Leu Ala Val Glu Lys Glu Gly Cys Pro Val Cys He 
nS 120 



125 



432 



acc gtc aac acc acc ate tgt gcc ggc tac tgc cec acc atg acc cgc 
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130 135 140 

gtg ctg cag ggg gtc ctg ccg gcc ctg cct cag gtg gtg tgc aac tac 480 
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cgc gat gtg cgc ttc gag tec ate egg etc cct ggc tgc ccg cgc ggc 528 
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gtg aac ccc gtg gtc tec tac gcc gtg get etc age tgt caa tgt gca 576 
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I'^S 180 185 190 
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etc tgc cgc cgc age acc act gac tgc ggg ggt ccc aag gac cac ccc 62 4 
Leu Cys Axg Arg Ser Thi Thr Asp Cys Gly Giy Pro Lys Asp His Pro 
195 200 205 

ttg acc tgt gat gac ccc cgc ttc cag gac tec tct tec tea aag gee 672 
Leu Thr Cya Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lya Ala 
210 215 220 

cct ccc ccc age ctt cca age cca tec cga etc ccg ggg ccc teg gac 720 
Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp 
22S 230 235 

acc ccg ate etc cca caa act agt cac cac cat cac cac cat taa 765 
Thr Pro lie Leu Pro Gin. thr Ser His His His His Hia His 
240 245 250 

taggatcc ^ 773 

<210> 4 

<211> 252 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Met Arg Phe Pro Ser lie Phe Thr Ala Val Leu Phe Ala Ala Sec Ser 

15 10 15 

Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gin 

20 25 30 

lie Pro Ala Glu Ala Val He Gly Tyr Ser Asp Leu Glu Gly Asp Phe 
35 40 45 

Asp Val Ala Val Leu Pro Phe Sex Asn Ser Thr Asn Asn Gly Leu Leu 
50 55 60 

Phe lie Asn Thr Thr He Ala Ser lie Ala Ala Lys Glu Glu Gly Val 
65 70 75 80 

Ser Leu Glu Lys Arg Glu Ala Glu Ala Tyr Val Glu Phe Asp Pro Gly 
85 90 95 

Cya Arg Aap Leu Lys Glu Pro Leu Arg Pro Acg Cys Arg Pro He Asn 
100 105 110 

Ala Thr Leu Ala Val Glu Lys Glu Gly Cys Pro Val Cys He Thr Val 
115 120 125 

Asn Thr Thr He Cys Ala Gly Tyr Cys Pro Thr Met Thr Arg Val Leu 
130 135 140 

Gin Gly Val Leu Pro Ala Leu Pro Gin Val Val Cys Asn Tyr Arg Asp 
145 150 155 160 

Val Arg Phe Glu Ser He Arg Leu Pro Gly Cys Pro Arg Gly Val Asn 
165 170 175 
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Pro Val Vai Ser Tyr Ala Val Ala 

leo 

Arg Arg Ser Thr Thr Asp Cys Gly 
19S 200 

Cys Asp Asp Pro Acg Phe Gin Aap 
210 215 

Pro Ser Leu Pro Ser Pro Sex Arg 
225 230 

lie Leu Pro Gin Thr Ser. His His 
245 



Leu Ser Cys Gin Cys Ala Leu Cys 
1B5 190 

Gly Pro Lys Asp Kia Pro Leu Thr 
205 

Ser Ser Ser Ser Lys Ala Pro Pro 
220 

Leu Pro Gly Pro Ser Asp Thr Pro 
235 240 

His His His His 
250 
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WE CLAIM : 

1. A composition comprising p human chorionic 
gonadotropin protein (phCG) and/or fusions, fragments or analogs thereof, 

5 and a chitosan-based adjuvant, wherein the amount of 0hCG ranges from 
about 10 ^Jg to about 500 pg. 

2. The composition of claim 1 wherein the amount of phCG 
is about 25 pg. 

10 

3. The composition of claim 2 wherein the amount of phCG 
is about 250 |jg. 

4. The composition of claim 1-3 wherein the 3 human 
15 chorionic gonadotropin protein comprises a recombinant polypeptide. 

5. The composition of claim 4 wherein the recombinant 
polypeptide further compnses the amino acid sequence of SEQ ID NO: 2 or 
4. 

20 

6- The composition of claim 1 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer. 

25 7. The composition of claim 6 wherein the biodegradable oil 

is squalene. 

8, The composition of claim 6 wherein the ratio of phCG 
protein and/or fusions, fragments or analogs thereof to adjuvant is in the 
30 range of about 1 :20 (w/w) to about 1 ■ 1 500 (w/w). 



SUBSTITUTE SHEET 

AMENDED SHEET 



-23 - 

9. The composition of claim 1 wherein the adjuvant 
comprises chitosan, a metal salt, and an aqueous buffer. 

10. The composition of claim 9 wherein the metal salt is 
selected from the group consisting of zinc acetate, nickel sulfate, and copper 
sulfate. 

1 1 The composition of claim 9 wherein the ratio of PhCG. 
fragments or analogs thereof to adjuvant is in the range of about 1 :20 (w/w) to 
about 1:1500 (w/w). 

1 2. The composition of claim 4 wherein the recombinant 
PhCG comprises a fusion protein consisting essentially of a 3hCG protein or 
fragment or analog thereof joined to a p-gafactosidase protein or fragment 
thereof. 

1 3. A method of inducing infertility in a female mammal 
comprising administering at least one dose of a vaccine containing a phCG 
proteins and/or fusions, fragments or analogs thereof in combination with a 
chitosan-based adjuvant in an amount effective to stimulate production of 
antibodies which recognize native circulating hCG proteins. 

14. The method of claim 13 wherein the amount of phCG 
ranges from about 10 jjg to about 500 pg 

15. The method of claim 14 wherein the amount of PhCG is 

about 250 pg. 

1 6. The method of claim 1 3-1 5 wherein the p human 
chorionic gonadotropin protein compnses a recombinant polypeptide. 
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17. The method of claim 16 wherein the recombinant 
polypeptide further comprises the amino acid sequence of SEQ ID NO; 2 or 



5 18. The method of claim 13 wherein the chitosan-based 

adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer. 

19. The method of claim 18 wherein the biodegradable oil is 

10 squalene. 

20. The method of claim 18 wherein the ratio of 3hCG 
protein and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1 :20 (w/w) to about 1 :1500 (w/w). 

15 

21 . The method of claim 13 wherein the adjuvant comprises 
chitosan. a metal salt, and an aqueous buffer. 

22. The method of claim 21 wherevn the metal salt is 

20 selected from the group consisting of zinc acetate, nickel sulfate, and copper 
sulfate. 

23. The method of claim 21 wherein the ratio of phCG 
protein and/or fusions, fragments or analogs thereof to adjuvant is in the 

25 range of about 1 :20 (w/w) to about 1 : 1 500 (w/w). 

24. The method of claim 16 wherein the recombinant PhCG 
comprises a fusion protein consisting essentially of a {ihCG protein or 
fragment or analog thereof joined to a 0-galactosida$e protein or fragment 

30 thereof- 
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25. A method for inducing transient infertility in a nnammai 

comprising: 

a) administenng a recombinant phCG protein and/or fusion, 
fragment or analog thereof expressed by a species of 
host cell in combination with a chitosan-based adjuvant; 
and 

b) administenng a recombinant phCG protein, fragment or 
analog thereof, expressed by a different species of host 
cell than said recombinant phCG administered in step a) 
in combination with a chitosan-based adjuvant; and 

wherein the amount of PhCG administered in step b) is effective to 
stimulate production of antibodies which recognize native circulating 
hCG proteins. 

26. The method of claim 25 wherein the amount of phCG 
ranges from about 10 pg to about 500 pg. 

27. The method of claim 26 wherein the amount of phCG is 
about 250 pg. 

28. The method of claim 25 wherein the recombinant 
polypeptide further comprises the amino acid sequence of SEQ ID NO: 2 or 
4. 

29. The method of claim 25 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer. 

30. The method of claim 29 wherein the biodegradable oil is 

squalene. 
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3 1 . The method of claim 29 wherein the ratio of phCG 
protein and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1 :20 (w/w) to about 1 :1500 (w/w). 

32. The method of claim 25 wherein the adjuvant comprises 
chitosan, a metal salt, and an aqueous buffer. 

33. The method of claim 32 wherein the metal salt is 
selected from the group consisting of zinc acetate, nickel sulfate, and copper 
sulfate. 

34. The method of claim 32 wherein the ratio of phCG 
proteins and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1 :20 (w/w) to about 1 :1 500 (w/w). 

35. The method of claim 25 wherein the recombinant BhCG 
comprises a fusion protein consisting essentially of a 0hCG protein or 
fragment or analog thereof joined to a p-galactosidase protein or fragment 
thereof- 

36. A method of inducing antibody formation in a mammal 

comprising: 

a) administenng a recombinant (JhCG protein and/or fusion, 
fragment or analog thereof expressed by a species of 
host cell in combination with a chitosan-based adjuvant; 
and 

b) administering a recombinant PhCG protein and/or fusion, 
fragment or analog thereof, expressed by a drfferent 
species of host cell than said recombinant phCG 
administered in step a) in combination with a chitosan- 
based adjuvant; and 
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wherein the amount of phCG administered in step b) is effectrve to stimulate 
production of antibodies which recognize native circulating hCG proteins. 

37. The method of claim 36 wherein the amount of 0hCG 
ranges from about 10 pg to about 500 gg. 

38. The method of claim 37 wherein the amount of {3hCG is 

about 250 pg. 

39. The method of claim 37 wherein the recombinant 
polypeptide further composes the amino acid sequence of SEQ ID NO: 2 or 
4, 



40. The method of claim 36 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer. 

41. The method of claim 40 wherefn the biodegradable oil is 

squalene. 

42. The method of claim 40 wherein the ratio of phCG 
proteins and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1:20 (w/w) to about 1:1500 (w/w). 

43. The method of claim 36 wherein the adjuvant comprises 
chitosan, a metal salt, and an aqueous buffer 

44. The method of claim 43 wherein the metal salt is 
selected from the group consisting of zinc acetate, nickel sulfate, and copper 
sulfate. 
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45. The method of ctaim 43 wherein the ratio of 3hCG 
proteins and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1:20 (w/w) to about 1:1500 (w/w). 

46- The method of claim 36 wherein the recombinant phCG 
comprises a fusion protein consisting essentially of a phCG protein or 
fragment or analog thereof joined to a {3-galactosidase protein or fragment 
thereof. 

47. The use of {JhCG for the manufacture of a medicament 
for inducing transient infertility in a mammal wherein the medicament 
comprises an injectable fonmulation containing (3 human chorionic 
gonadotropin proteins and/or fusions, fragments or analogs thereof, in 
combination wfth a chitosan-based adjuvant in an amount effective to 
stimulate production of antibodies which recognize native circulating hCG 
proteins. 

48. The use of claim 47 wherein the amount of [3hCG ranges 
from about 10 pg to about 500 pg. 

49. The use of claim 48 wherein the amount of PhCG is 
about 250 pg. 

50. The use of claim 47 wherein the p human chorionic 
gonadotropin protein compnses a recombinant polypeptide. 

51 . The use of claim 50 wherein the recombinant polypeptide 
further comprises the amino acid sequence of SEQ ID NO: 2 or 4. 
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52. The use of claim 47 wherein the chitosan-based adjuvant 
comprises an emulsion of chitosan, sodium hydroxide^ a biodegradable oil. a 
surfactant, and an aqueous buffer. 

5 53. The use of claim 52 wherein the biodegradable oil is 

squalene. 

54. The use of claim 52 wherein the ratio of phCG protein, 
fragments or analogs thereof to adjuvant is in the range of about 1:20 (w/w) to 

10 about 1:1500 (w/w). 

55. The use of claim 47 wherein the adjuvant comprises 
chitosan. a metal salt, and an aqueous buffer 

15 56/ The use of claim 55 wherein the metal salt is selected 

from the group consisting of zinc acetate, nickel sulfate, and copper sulfate. 

57. The use of claim 55 wherein the ratio of 0hCG pn^teins 
and/or fusions, fragments or analogs thereof to adjuvant is in the range of 

20 about 1 :20 (w/w) to about 1 : 1 500 (w/w). 

58. The use of claim 50 wherein the recombinant JJhCG 
comprises a fusion protein consisting essentially of a 3hCG protein or 
fragment or analog thereof joined to a P-galactosidase protein or fragment 

25 thereof. 



Sl/aSTITUTE SHEET 

:A^*ENOED SHEET 



PATEWT COOPERATDON T^ATY 

PCT I ^^^^ ^ 5 JAN m] 



INTERWATIONAL PREUMISSiAIRY EXAIiyilMATDON IREPOTT 
(PCT Article 36 and Rule 70) 



Applicanrs or agenf s file reference 


See Notification of Treinsmlttal of International 


27779/35932/PCT 


FOR FURTHER ACTION Prelinninary Examination Report (Form PCT/IPEA/416) 


International application No. 


International filing date (day/monttr/yBar) 


Priority date (day/month/year) 


PCT/US99/21591 


16/09/1999 


17/09/1998 


International Patent Classification (IPC) or national classification and IPC 




A61K39/00 






Applicant 






ZONAGEN, INC. et al. 







1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT), 

These annexes consist of a total of 1 3 sheets. 



3. This report contains Indications relating to the following items: 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 





Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of Invention 

Reasoned statement under Article 35(2) with regard to noyelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects In the international application 

Certain observations on the international application 



Date of submission of the demand 



13/04/2000 



Date of completion of this report 



15.01.2001 



Name and mailing address of the international 
preliminary examining authority: 

European Patent Office - P.B. 581 8 Patentiaan 2 

NL-2280 HV Rijswijk - Pays Bas 
Tel. +31 70 340 - 2040 Tx: 31 651 epo nl 

Fax: +31 70 340-3016 



Authorized officer 

Fernandez y Branas,F 
Telephone No. +31 70 340 2774 




Fonn PCT/I PEA/409 (cover sheet) (January 1994) 



DNTERiSSATlONAL PREUMINARY 
EXASVJiNATOON REPORT 



International application No. PCT/US99/21 591 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.) : 



Description, pages: 

1-21 
31-35 



as originally filed 
as received on 



21/09/2000 with letter of 



20/09/2000 



Claims, No.: 

1-58 



as received on 



21/09/2000 with letter of 



20/09/2000 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4, Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (lA) 



Yes: 
No: 



Yes: 
No: 



Claims 1-58 
Claims 



Yes: Claims 25-46 

No: Claims 1-24,47-58 



Claims 1-58 
Claims 
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2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



D1... IMMUNOLOGY TODAY, 15:469-474, 1994 
D2...THE LANCET 1988, VOL 1 (8598) 1295-1298 
D3 . . . . WO- A-9609805 (ZON AG EN , I NO) 



D1 discloses the existing birth-control vaccines containing hCG, such as hCGP-TT 
conjugates adsorbed on AL(OH)3 or hCG3-CTP(109-145)-DT conjugates with MDP, see 
page 470 box 1 . 

Further details concerning the ranges of protein contained in the vaccines of D1 are 
provided in D2, see table I, page 1296. D2 is commented in D1, see reference 7 and 
hence can be considered to be included in the disclosure of D1 , 

In view of the prior art the subject matter of claims 1-58 appears to be new in the sense 
of Article 33(2) POT. 



For the analysis of the inventive step of the claims 1-58 D1 is considered to be the closest 
prior art. The main difference between the present application and D1 is that D1 uses 
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adjuvants other than chitosan. In view of this difference the problem to be solved by the 
present application can be defined as the provision of alternative vaccines comprising 
hCG(3 and adjuvants for inducing antifertility. 

D3 describes the adjuvant efficacy of chitosan to potentiate the immune response against 
antigens. D3 shows said effect with zona pellucida antigens in examples 11-12. While it 
could be stated that there is no direct suggestion in D3 or in D1 to the combination of 
chitosan and hCGp to induce infertility by mounting an immune response against hCGp, 
it is also the case that the present application only exemplifies that said combination 
induces an antibody response against hCOP (see example 6). However, the technical 
problem to be solved as defined above ( provision of alternative vaccines comprising hCGp 
and adjuvants for inducing antifertility) has not been shown to have actuallv been solved 
in the present application, as no evidence supporting the antifertility efficacy of the claimed 
vaccines has been provided. 

The I PEA is of the opinion that what has been shown in example 6 of the present 
application (obtaining an antibody response against hCGp) would have been obvious for 
the skilled person on the basis of the teachings of D1 and D3 without any inventive skill, 
as the skilled person would have expected, taking into account the known adjuvant 
properties of chitosan (D3), that the combination chitosan-hCGp would have induced an 
immune response against said hCGp. Hence, the subject matter of claims 1-24 and 47-58 
appears to lack an inventive step in the sense of Article 33(3) PCT. 



On the contrary there is no suggestion in the prior art concerning the methods of claims 
25-46 and thus this matter involves an inventive step in the sense of Article 33(3) PCT. 
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Re Item VIII 

Certain observations on the international application 

The terms "fragments" and "analogs" of claims 1,13, 25, 36, and 47 are open-ended and 
as a result the scope of said claims is vaguely defined and thus said claims are considered 
as unclear in the sense of Article 6 PCT. 
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SEQUENCE LISTING 

<110> ZONAGEN, INC* 

<12 0> HUMAN CHORIONIC GONADOTROPIN 

<130> 27779/35932 

<140> 
<141> 

<150> 60/100,766 

<151> 1998-09-17 

<160> 4 

<170> Patentin Ver. 2.0 

<210> 1 

<211> 534 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . (534) 

<400> 1 

atg acc atg att acg gat teg eta gee gtc gtt ctg cag cgt cgc gac 48 

Met Thr Met lie Thr Asp Ser Leu Ala Val Val Leu Gin Arg Arg Asp 
15 10 15 

tgg gaa aac ccg ggc tgc aga gat etc aag gag ccg ctt egg eca egg 96 
Trp Glu Asn Pro Gly Cys Arg Asp Leu Lys Glu Pro Leu Arg Pro Arg 
20 25 30 

tgc cgc ccc ate aat gcc acc ctg get gtg gag aag gag ggc tgc ccc 144 
Cys Arg Pro lie Asn Ala Thr Leu Ala Val Glu Lys Glu Gly Cys Pro 
35 40 45 

gtg tgc ate acc gtc aac acc acc ate tgt gcc ggc tac tgc ccc acc 192 
Val Cys lie Thr Val Asn Thr Thr lie Cys Ala Gly Tyr Cys Pro Thr 
50 55 60 

atg acc cgc gtg ctg cag ggg gtc ctg ccg gcc ctg cct cag gtg gtg 240 
Met Thr Arg Val Leu Gin Gly Val Leu Pro Ala Leu Pro Gin Val Val 
65 70 75 80 

tgc aac tac cgc gat gtg cgc ttc gag tec ate egg etc cct ggc tgc 288 
Cys Asn Tyr Arg Asp Val Arg Phe Glu Ser lie Arg Leu Pro Gly Cys 
85 90 95 

ccg cgc ggc gtg aac ccc gtg gtc tec tac gcc gtg get etc age tgt 336 
Pro Arg Gly Val Asn Pro Val Val Ser Tyr Ala Val Ala Leu Ser Cys 
100 105 110 

caa tgt gea etc tgc cgc cgc age ace act gac tgc ggg ggt ccc aag 384 
Gin Cys Ala Leu Cys Arg Arg Ser Thr Thr Asp Cys Gly Gly Pro Lys 
115 120 125 
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gac cac ccc ttg acc tgt gat gac ccc cgc ttc cag gac tec tct tec 432 
Asp His Pro Leu Thr Cys Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser 
130 135 140 

tea aag gee eet ccc ccc age ett cca age eea tec cga etc ceg ggg 480 
Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly 
145 150 155 160 

ccc teg gac acc ecg ate etc cca caa act agt cac cac cat cac cac 528 
Pro Ser Asp Thr Pro lie Leu Pro Gin Thr Ser His His His His His 
165 170 175 

cat taa 534 
His 



<210> 2 
<211> 177 
<212> PRT 

<213> Homo sapiens 
<400> 2 

Met Thr Met lie Thr Asp Ser Leu Ala Val Val Leu Gin Arg Arg Asp 
15 10 15 

Trp Glu Asn Pro Gly Cys Arg Asp Leu Lys Glu Pro Leu Arg Pro Arg 
20 25 30 

Cys Arg Pro lie Asn Ala Thr Leu TVla Val Glu Lys Glu Gly Cys Pro 
35 40 45 

Val Cys lie Thr Val Asn Thr Thr He Cys Ala Gly Tyr Cys Pro Thr 
50 55 60 

Met Thr Arg Val Leu Gin Gly Val Leu Pro Ala Leu Pro Gin Val Val 
65 70 75 80 

Cys Asn Tyr Arg Asp Val Arg Phe Glu Ser He Arg Leu Pro Gly Cys 
85 90 95 

Pro Arg Gly Val Asn Pro Val Val Ser Tyr Ala Val Ala Leu Ser Cys 
100 105 110 

Gin Cys Ala Leu Cys Arg Arg Ser Thr Thr Asp Cys Gly Gly Pro Lys 
115 120 125 

Asp His Pro Leu Thr Cys Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser 
130 135 140 

Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly 
145 150 155 160 



Pro Ser Asp Thr Pro He Leu Pro Gin Thr Ser His His His His His 
165 170 175 
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His 



<210> 3 
<211> 773 
<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (7) . . (765) 

<400> 3 

cgaacg atg aga ttt cct tea att ttt act gca gtt tta ttc gca gca 48 

Met Arg Phe Pro Ser lie Phe Thr Ala Val Leu Phe Ala TVla 
15 10 

tec tec gca tta get get eea gtc aac act aca aca gaa gat gaa acg 96 
Ser Ser Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr 
15 20 25 30 

gca caa att ccg get gaa get gtc ate ggt tac tea gat tta gaa ggg 14 4 
Ala Gin lie Pro Ala Glu Ala Val lie Gly Tyr Ser Asp Leu Glu Gly 
35 40 45 

gat ttc gat gtt get gtt ttg cca ttt tec aac age aca aat aac ggg 192 
Asp Phe Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly 
50 55 60 

tta ttg ttt ata aat act act att gee age att get get aaa gaa gaa 240 
Leu Leu Phe lie Asn Thr Thr lie Ala Ser lie Ala Ala Lys Glu Glu 
65 70 75 

ggg gta tct etc gag aaa aga gag get gaa get tac gta gaa ttc gac 2 88 
Gly Val Ser Leu Glu Lys Arg Glu Ala Glu Ala Tyr Val Glu Phe Asp 
80 85 90 

ccg ggc tgc aga gat etc aag gag ccg ett egg cca egg tgc egc cec 336 
Pro Gly Cys Arg Asp Leu Lys Glu Pro Leu Arg Pro Arg Cys Arg Pro 
95 100 105 110 

ate aat gee ace etg get gtg gag aag gag ggc tgc cec gtg tgc ate 384 
lie Asn Ala Thr Leu Ala Val Glu Lys Glu Gly Cys Pro Val Cys lie 
115 120 125 

ace gtc aac ace acc ate tgt gee ggc tac tgc cec acc atg ace egc 432 
Thr Val Asn Thr Thr lie Cys Ala Gly Tyr Cys Pro Thr Met Thr Arg 
130 135 140 

gtg etg cag ggg gtc etg ccg gee etg cct cag gtg gtg tgc aac tac 480 
Val Leu Gin Gly Val Leu Pro Ala Leu Pro Gin Val Val Cys Asn Tyr 
145 150 155 

egc gat gtg egc ttc gag tee ate egg etc cct ggc tgc ccg egc ggc 52 8 
Arg Asp Val Arg Phe Glu Ser lie Arg Leu Pro Gly Cys Pro Arg Gly 
160 165 170 

gtg aac cec gtg gtc tec tac gee gtg get etc age tgt caa tgt gca 576 
Val Asn Pro Val Val Ser Tyr Ala Val Ala Leu Ser Cys Gin Cys Ala 
175 180 185 190 
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etc tgc cgc cgc age acc act gac tgc ggg ggt ccc aag gac cac ccc 624 
Leu Cys Arg Arg Ser Thr Thr Asp Cys Gly Gly Pro Lys Asp His Pro 
195 200 205 

ttg acc tgt gat gac ccc cgc ttc cag gac tec tct tec tea aag gee 672 
Leu Thr Cys Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala 
210 215 220 

cet ecc ccc age ctt cca age cea tec cga etc ccg ggg ccc teg gac 720 
Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp 
225 230 235 

ace ccg ate etc cea eaa act agt cac cac eat cac cac cat taa 765 
Thr Pro lie Leu Pro Gin Thr Ser His His His His His His 
240 245 250 

taggatce 773 



<210> 4 
<211> 252 
<212> PRT 

<213> Homo sapiens 
<400> 4 

Met Arg Phe Pro Ser lie Phe Thr Ala Val Leu Phe Ala Ala Ser Ser 
15 10 15 

Ala Leu Ala 7\J.a Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gin 
20 25 30 

lie Pro Ala Glu Ala Val lie Gly Tyr Ser Asp Leu Glu Gly Asp Phe 
35 40 45 

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu 
50 55 60 

Phe lie Asn Thr Thr lie Ala Ser lie Ala Ala Lys Glu Glu Gly Val 
65 70 75 80 

Ser Leu Glu Lys Arg Glu Ala Glu Ala Tyr Val Glu Phe Asp Pro Gly 
85 90 95 

Cys Arg Asp Leu Lys Glu Pro Leu Arg Pro Arg Cys Arg Pro lie Asn 
100 105 110 



Ala Thr Leu Ala Val Glu Lys Glu 
115 120 

Asn Thr Thr He Cys TVla Gly Tyr 
130 135 

Gin Gly Val Leu Pro Ala Leu Pro 
145 150 

Val Arg Phe Glu Ser He Arg Leu 
165 



Gly Cys Pro Val Cys He Thr Val 
125 

Cys Pro Thr Met Thr Arg Val Leu 
140 



Gin Val Val Cys Asn Tyr Arg Asp 
155 160 

Pro Gly Cys Pro Arg Gly Val Asn 
170 175 



" wo 00/15253 



-5- 



PCT/US99/21591 



Pro Val Val Ser 
180 

Arg Arg Ser Thr 
195 



Cys Asp Asp Pro 
210 

Pro Ser Leu Pro 
225 

lie Leu Pro Gin 



Tyr Ala Val Ala 



Thr Asp Cys Gly 
200 

Arg Phe Gin Asp 
215 



Ser Pro Ser Arg 
230 

Thr Ser His His 
245 



Leu Ser Cys Gin 
185 

Gly Pro Lys Asp 



Ser Ser Ser Ser 
220 

Leu Pro Gly Pro 
235 

His His His His 
250 



Cys Ala Leu Cys 
190 

His Pro Leu Thr 
205 

Lys Ala Pro Pro 



Ser Asp Thr Pro 
240 
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1 . A composition comprising p human chorionic 
gonadotropin protein (phCG) and/or fusions, fragments or analogs thereof, 
and a chitosan-based adjuvant. 

2. The composition of claim 1 wherein the amount of phCG 
ranges from about 10 |jg to about 500 pg. 

3. The composition of claim 2 wherein the amount of phCG 
is about 250 pg. 

4. The composition of claim 1 -3 wherein the p human 
chorionic gonadotropin protein comprises a recombinant polypeptide. 

5. The composition of claim 4 wherein the recombinant 
polypeptide further comprises the amino acid sequence of SEQ ID NO: 2 or 4. 

6. The composition of claim 1 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer 

7. The composition of claim 6 wherein the biodegradable oil 

is squalene. 

8. The composition of claim 6 wherein the ratio of phCG 
protein and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1:20 (w/w) to about 1 :1500 (w/w). 

9. The composition of claim 1 wherein the adjuvant 
comprises chitosan, a metal salt, and an aqueous buffer. 
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1 0. The composition of claim 9 wherein the metal salt is 
selected from the group consisting of zinc acetate, nickel sulfate, and copper 
sulfate. 

1 1 . The composition of claim 9 wherein the ratio of phCG, 
fragments or analogs thereof to adjuvant is in the range of about 1 :20 (w/w) to 
about 1:1500 (w/w). 

12. The composition of claim 4 wherein the recombinant 
phCG comprises a fusion protein consisting essentially of a phCG protein or 
fragment or analog thereof joined to a (3-galactosidase protein or fragment 
thereof 

13. A method of inducing infertility in a female mammal 
comprising administering at least one dose of a vaccine containing a phCG 
proteins and/or fusions, fragments or analogs thereof optionally in 
combination with a chitosan-based adjuvant in an amount effective to 
stimulate production of antibodies which recognize native circulating hCG 
proteins. 

1 4. The method of claim 1 3 wherein the amount of phCG 
ranges from about 10 pg to about 500 pg. 

1 5. The method of claim 14 wherein the amount of PhCG is 

about 250 |jg- 

16. The method of claim 13-15 wherein the p human 
chorionic gonadotropin protein comprises a recombinant polypeptide. 
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1 7. The method of claim 16 wherein the recombinant 
polypeptide further comprises the amino acid sequence of SEQ ID NO: 2 or 4. 

18. The method of claim 1 3 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer. 

19. The method of claim 18 wherein the biodegradable oil is 

squalene. 

20. The method of claim 1 8 wherein the ratio of phCG protein 
and/or fusions, fragments or analogs thereof to adjuvant is in the range of 
about 1 :20 (w/w) to about 1 :1500 (w/w). 

21 . The method of claim 1 3 wherein the adjuvant comprises 
chitosan, a metal salt, and an aqueous buffer. 



22. The method of claim 21 wherein the metal salt is selected 
from the group consisting of zinc acetate, nickel sulfate, and copper sulfate. 

23. The method of claim 21 wherein the ratio of phCG protein 
and/or fusions, fragments or analogs thereof to adjuvant is in the range of 
about 1:20 (w/w) to about 1:1500 (w/w). 



24. The method of claim 16 wherein the recombinant phCG 
comprises a fusion protein consisting essentially of a phCG protein or 
fragment or analog thereof joined to a p-galactosidase protein or fragment 
thereof. 
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25. A method for inducing transient infertility in a mammal 

comprising: 

a) administering a recombinant phCG protein and/or fusion, 
fragment or analog thereof expressed by a species of host cell 
optionally in combination with a chitosan-based adjuvant; and 

b) administering a recombinant phCG protein, fragment or 
analog thereof, expressed by a different species of host cell than 
said recombinant phCG administered in step a) optionally in 
combination with a chitosan-based adjuvant; and 

wherein the amount of PhCG administered in step b) is effective to stimulate 
production of antibodies which recognize native circulating hCG proteins. 

26. The method of claim 25 wherein the amount of phCG 
ranges from about 10 pg to about 500 |jg. 

27. The method of claim 26 wherein the amount of PhCG is 
about 250 |jg. 

28. The method of claim 25 wherein the recombinant 
polypeptide further comprises the amino acid sequence of SEQ ID NO: 2 or 4. 

29. The method of claim 25 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer 

30. The method of claim 29 wherein the biodegradable oil is 

squalene. 



31 . The method of claim 29 wherein the ratio of PhCG protein 
and/or fusions, fragments or analogs thereof to adjuvant is in the range of 
about 1:20 (w/w) to about 1:1500 (w/w). 
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32. The method of claim 25 wherein the adjuvant comprises 
chitosan, a metal salt, and an aqueous buffer. 

33. The method of claim 32 wherein the metal salt is selected 
from the group consisting of zinc acetate, nickel sulfate, and copper sulfate. 

34. The method of claim 32 wherein the ratio of phCG 
proteins and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1 :20 (w/w) to about 1 :1500 (w/w). 

35. The method of claim 25 wherein the recombinant phCG 
comprises a fusion protein consisting essentially of a phCG protein or 
fragment or analog thereof joined to a p-galactosidase protein or fragment 
thereof. 



36. A method of inducing antibody formation in a mammal 

comprising; 

a) administering a recombinant phCG protein and/or fusion, 
fragment or analog thereof expressed by a species of host cell 
optionally in combination with a chitosan-based adjuvant; and 

b) administering a recombinant phCG protein and/or fusion, 
fragment or analog thereof, expressed by a different species of 
host cell than said recombinant phCG administered in step a) 
optionally in combination with a chitosan-based adjuvant; and 

wherein the amount of phCG administered in step b) is effective to stimulate 
production of antibodies which recognize native circulating hCG proteins. 



37. The method of claim 36 wherein the amount of phCG 
ranges from about 10 pg to about 500 pg. 
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38. The method of claim 37 wherein the amount of phCG is 
about 250 pg. 

39. The method of claim 37 wherein the recombinant 
polypeptide further comprises the amino acid sequence of SEQ ID NO: 2 or 4. 

40. The method of claim 36 wherein the chitosan-based 
adjuvant comprises an emulsion of chitosan, sodium hydroxide, a 
biodegradable oil, a surfactant, and an aqueous buffer. 

41 . The method of claim 40 wherein the biodegradable oil is 

squalene. 

42. The method of claim 40 wherein the ratio of phCG 
proteins and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1 :20 (w/w) to about 1 :1500 (w/w). 

43. The method of claim 36 wherein the adjuvant comprises 
chitosan, a metal salt, and an aqueous buffer. 

44. The method of claim 43 wherein the metal salt is selected 
from the group consisting of zinc acetate, nickel sulfate, and copper sulfate. 

45. The method of claim 43 wherein the ratio of phCG 
proteins and/or fusions, fragments or analogs thereof to adjuvant is in the 
range of about 1 :20 (w/w) to about 1 :1500 (w/w). 

46. The method of claim 36 wherein the recombinant PhCG 
comprises a fusion protein consisting essentially of a PhCG protein or 
fragment or analog thereof joined to a p-galactosidase protein or fragment 
thereof. 
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47. The use of PhCG for the manufacture of a medicament for 
inducing transient infertility in a mammal wherein the medicament comprises 
an injectable formulation containing p human chorionic gonadotropin proteins 
and/or fusions, fragments or analogs thereof, optionally in combination with a 
chitosan-based adjuvant in an amount effective to stimulate production of 
antibodies which recognize native circulating hCG proteins. 

48. The use of claim 47 wherein the amount of phCG ranges 
from about 1 0 pg to about 500 pg. 

49. The use of claim 48 wherein the amount of phCG is about 

250 pg. 

50. The use of claim 47 wherein the p human chorionic 
gonadotropin protein comprises a recombinant polypeptide. 

51 . The use of claim 50 wherein the recombinant polypeptide 
further comprises the amino acid sequence of SEQ ID NO: 2 or 4. 

52. The use of claim 47 wherein the chitosan-based adjuvant 
comprises an emulsion of chitosan, sodium hydroxide, a biodegradable oil, a 
surfactant, and an aqueous buffer. 

53. The use of claim 52 wherein the biodegradable oil is 

squalene. 



54. The use of claim 52 wherein the ratio of phCG protein, 
fragments or analogs thereof to adjuvant is in the range of about 1 :2p (w/w) to 
about 1:1500 (w/w). 
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55. The use of claim 47 wherein the adjuvant comprises 
chitosan, a metal salt, and an aqueous buffer. 

56. The use of claim 55 wherein the metal salt is selected 
from the group consisting of zinc acetate, nickel sulfate, and copper sulfate. 

57. The use of claim 55 wherein the ratio of phCG proteins 
and/or fusions, fragments or analogs thereof to adjuvant is in the range of 
about 1:20 (w/w) to about 1:1500 (w/w). 



58. The use of claim 50 wherein the recombinant phCG 
comprises a fusion protein consisting essentially of a phCG protein or 
fragment or analog thereof joined to a p-galactosidase protein or fragment 
thereof. 
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Study on the Immunogenicity of p-^alactosidaFe-hCG 
Polymer -Corttaming hCG-s-vubunit C-terminal. Peptide 
Synthesized in xgtll hCG Y1089 



Luo Yuxiang, Liu Tjcflicn 
(Ccnicr for Rcrn odu cl ivc 
Immunology Kc.Tarcli) 



Wu Bolisng-, Wm X'aj'ing, Wanff Xuan 
(lDcpl, of B.fology) 



ABSTRACT 



An ajljfjcial gCnc equivalent to 36 C-termina] peptide of human chorionic 
gonedoiropjn (hCG) P-subuni t has bccn chcmica ] ]y synthesized through the applica- 
tion oligonucleotide synthesizer and the double strand DNA has hccn successfully c]oned 
into an exprcs.sion 'vcctoi-, Xgl]], and transfcc ted in to the host strain E.CoJi YJ089, 
throiiKh rEcomhinant phage XeHI hCG to produce a hybrid protein containing hCG- 
P-.-Ju^unit 36 C-termJna] peptide (Ca lied P-ga lac tosidase-hCG) . Anti-scrum of vat 
immtinij^cd n-iU, P-ga]actosidase-hCG was detected by counter current electrophoresis 
and 3mir.wnr:d;rfu.<:ir,n. ihc results haye ejearly demonstrated lhai f3-galactosidase- . 
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liCG .an be crossly immuiioprCcipitated witt rat an ti-0-gaiaclosidasc-hCG scrum. 
Whereas using hCG replaced 3-.a,actosidase,hCG, the anti-ser.m produced a.a.nst 
^-ealac:ros.dase-hGG has no cross reaction with hCG. When 3-galactos.dase-hCG 
was treated with 2M Urea, 0.9M SDS and O.OOSM Mcrcaptbcihaao'l sojvcnt system 
-fore us;ng as an antigen ,o ::„munize rar, the anti-^ody against .his depo ]yn.cn.cd 
antigen can be crossly immunoprccipitatcd with hCG. It revealed ,hat the 0-,aIactosr- 
dase-hCG polymer wa., depolymcri.ed and ,he conforxnation cf 3-gaIac to.:dase-hCG 
suhun:t has been changed, therefore ,hc tigenic detcrminan I of hCG-^^su^.uni t 36 
C-term:nal peptide in 0-gaJacios:dase-hCC appeared its Jmmunogcnicity .n Urea and 
5DS solvent, the depo lymerizcd optimal conductions for,9-galacto.idasc-hCG in Urea 
and SDS solvent system were 60'C in 40 minutes. 

KEYWORDS, 3,hCG C-lermJnal peptide P-Galactos,dase, Urea, Dodccy] .odj„nr 
sulfate, Mercaptceihanol, Immunogenicity 
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Indirect Potentiometric Stripping 
Analysis of Scandium 
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' ^"Vang Pcjhui, Lj Dcyu 
(Depr, 6l Chcmisiry) 

ABSTii^CT 

An indirect po tex^tiomc Iric stripping analysis based on the difference in sia'.iiny 
between two coordination compounds So- EDTA and Cd^EDTA was appjicd to the 
determination of Sc Cm) in 1.2M Sodium chloride .olulioB at pH 5 2 The scn^ 
s.t.v.ty of thi. method is2.10-Mwhcndmolvedo..yfien (4.9«10-M) is used as 
ox3dan t at a plaiing potential of -o.9V for 2 minutes. The recovery of this method 
IS 99.8%. Th3S method may be used for the dc tormina tion cf trace Sc ( i) ,n the 
mixed solution of rare earths, 

KEYWORDS, Scandium, Potcn liomct>:c stripping ana Jysis 
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6300 Sears Tower 

233 South Uacker Drive 

Chicago, Illinois 60606-6402 

UNITED STATES OF AMERICA 


NOTIFICATION OF TRANSMnTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 


Date of mailing 

(day/month/year) 23/02/2000 


Applicant's or agenf s ffls reference 
27779/35932/PCT 


PGR FURTHER ACTION See paragraphs 1 and 4 below 


Intamalional application No. 
PCT/US 99/21591 


Intannatlonal filing date 
(day/month/year) 16/09/1999 


Applicant 

ZONAGEN. INC. et al . D0CKETEQ:_£i|32jcP 



1. The applicant Is hereby ncltfled that the IntBHfiatlonalSeart^R 
Rling of amendments and statement undar Article 19: 

The applicant Is entitled, If he so wishes, to amend the dalms of the IntsnnatlonaJ Application (see Rule 46): 

When? The time limit tor filing such amendments Is nonnally 2 months firom the date of transmtttal of the 
International Search Report however, for mors details, see the notes on the accompanying sheet 

Where? Directly to the Intsmattonal Bureau of WlPO 
34, chemlndesColombettas 
1211 Geneva 20, Switzerland 
Fasdmlle No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the aocompanytng sheet 

2- I I The applicant Is hereby notWed that no IntenDatlonal Search Report will be established and that the declaration under 
■ — ■ Article 17(2)(a) to that eff^ Is transmitted hsrewtth. 



a Q]] With regard to ttie protest against payment of (an) additional fee(s) under Rule 40.2, ths applicant Is notltled that 

I I the protest together with the dedslontherson has been transmitted to the Inteniatfc^ 

^ appUcanrs request to forward the texts of both the protest and the dedslon thereon to the deslgra 



I I no decision has been made yet on the protest; the applicant will be nottfled as soon as a decision Is made. 



4. Further action(e): The appNcant Is reminded of the following: 

Shortly after ie months from the priority date, the Intematlonal application win be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of wtthcfrawal of the International appllcatkm, or of the 
priority cialm, must reach the Intematlonal Bureau as provided In Rules QOblsA and 90bl8,3, rsspecUvely, before the 
completion of the technical preparations for Intennatlonal publication. 

Within 19 months ftom the prlortty date, a demand fbr Intennatlonal preliminary examination must be filed If the applicant 
wishes to postpone the entry Into the national phase until 30 months finom the prlortty date (In some Ofllces even later). 



Within 20 months flrom the priority date, the applicant must perfonm the prescribed acts for entry Into the national phase 
befbre all designated Offices which have not been elected In the demand or In a later election within 1 9 months from the 
priority date or coidd not be elected because they are not bound by Chapter II. 





Name and malllr>g adcfress of the International Searching Authority 

^ European Patsnt Office, P.B. 5618 Patentlaan 2 
NL-2280 HV Rljswfk 
.«W Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized offloer 

Nina Vercio 
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^ppS TO FORM PCT/iSA/220 

These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instnjctions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more 
detailed information, see also the PCT Applicant's Guide, a publication of WIPO. 

In these Notes, "Article^, "Rule", and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the intemationaJ search report, one opportunity to amend the claims of the 
international application. It should however be emphasized that, since all parts of the international application (claims, 
deschption and drawings) may be amended during the international preliminary examination procedure, there is usually 
no need to file amendments of the claims ur>der Article 1 9 except where, e.g. the applicant wants the latter to be published 
for the purposes of provisional protection or has another reason for amending the claims before international pbutication. 
Furthermore, it should be emphasized that provisional protection is available in some States only. 



What parts of the Internationa application may be amended? 

Under Article 1 9, only the claims may be amended. 

During the irrtemational phase, the datms may also be amended (or furtt>er amended) under Article 34 before 
the international Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase, all parts of the intemational application may be amended under Article 28 
or, where applicable, Article 41 . 



When? Within 2 months from the date of transmittal of the intemational search report or 1 6 months from the priority 

date, whichever time limit expires later. It should be noted, however, that the amendments wilt be considered 
as having t>een received on time if they are received by the Intemational Bureau after the expiration of the 
applicable time limit but t>efore the completion of the technical preparations for intemational publication 
(Rule 46.1). 



Where not to file the amendments? 

The amerximents may only be filed with the International Bureau and not with the receiving Office or the 
Irrtemational Searchirrg Authority (Rule 46.2). 

Where a demand for intemational preliminary examination has been /is filed, see below. 



How? Either by cancelling one or more entire daims, by adding one or more new claims or by amending the text of 

one or more of the claims as filed. 

A replacement sheet must be submitted for each sheet of the dainro which, on account of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is 
cancelled, no renumbering of the other claims is required In all cases where dainrrs are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 

TYm mendments must be made In the Unguage In which the intemational application is to be published. 



What documents must/may accompany ttia amendments? 
Letter (Section 205(b)): 

The amendnrwrrts must be sut>mitted with a letter. 

The letter will not be published with the intemational application and the amended daims. It should not be 
confused with the "Statement under Article 1 9(1)" (see below, under "Statement under Article 19(1)'). 

The letter must be In English or French, at the choice of the applicant. However, If the language of the 
intemational application Is English, the letter must be In English; If the language of the Intemational application 
Is French, the letter must be In French. 
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NOTES TO FORM PCT/ISA/220 (c 



The tetter must indicate the differences between the claims as filed and the claims as amended. It must, in 
particular, indicate, in connection with each claim appearing in the international application (it being understood 
that identical indications conceming several claims may be grouped), whether 

(i) the claim is unchanged; 

(ii) the claim is cancelled; 
Ciii) the claim is new; 

(iv) the claim replaces one or more daims as filed; 

(v) the claim is the result of the division of a claim as filed. 



The foftowing examples Illustrate the manner In which amendments must be explained In the 
accompanying letter: 

1 [Where originally there were 48 claims and after amendment of some claims there are 51 ] 

•Qaims 1 to 29, 31 , 32. 34, 3S, 37 to 48 replaced by amended claims bearing the same numbere; 
dairns 30, 33 and 36 unchanged; new claims 49 to 51 added." 

2. [Where originally there were 1 5 claims and after amendment of ail daims there are 11 ]: 
'Claims 1 to 1 5 replaced by amended daims 1 to 1 1 .* 

3. [Where originally there were 14 daims and the amendments consist in cancelling some claims and in adding 
new claims]; 

•Claims 1 to 6 and 14 unchanged, claims 7 to 13 cancelled; new claims 15. 16 and 17 added." or 
•Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged." 

4. [Where various kinds of amendments are made]: 

"Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended 
daim 1 4; claim 1 7 subdivided into amended daims 1 5. 1 6 and 1 7; new daims 20 and 21 added." 



•Statement under article 19(1)" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amended under 
Artide19(1)). 

The statement wilt be published with the international application and the anwnded daims. 
It must ba In the language In which the International apppHcadon Is to be published. 

It must be larief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the differences behween the claims 
as filed and as amended. It must be filed on a separate sheet and must be identified as such by a heading, 
preferably by using the words "Statement under Article 1 9(1)." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given daim. contained in the international search 
report may be made only in connection with an amendment of that claim. 



Consequenca If a dem»K< for Intemattonai preliminary examination has alraady been filed 

If, at the time of filing any amendments under Article 1 9, a demand for international preliminary examination 
has already been submitted, the applicant must preferably, at the same lime of filing the amendments with the 
Intematjonal Bureau, also file a oopy of such amendments with the International Preliminary Examining 
Authority (see Rule 62,2(a). first sentence). 



Consequence with regard to translation of the International application for entry Into the national phase 

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the 
dajms as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of or 
in addition to, the translation of the daims as fited. 

For further details on the requirements of each designated/elected Office, see Volume II of the PCT Applicant's 
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FOR FURTHER see NomfcatlonofTransmmal of Intemat^^ 
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IntBinatlonaJ application No. 


intsmattonal filing date (day/month/year) 


(Earliest) Prtortty Date (day/month/year) 


PCT/US 99/21591 


16/09/1999 


17/09/1998 


Applicant 






ZONAGEN, INC. et a1 . 







TWs International Search Report has been prepared by this Intemadonal Seaiichlng Authorfty and Is transmitted to the applicant 
according to Article 18. A copy Is being transmitted to the IntematlonaJ Bureau. 



This International Search Report consists of a total of 3 sheets. 

[X] It Is also accompanied by a copy of each prior art document dted In this report 



1. Basle ol the report 

a With regard to the language, the Intennatlonal search was canled out on the basis of the International appilcatkm In the 
language In which It was filed, unless otherwise Indicated under this Item. 

I I the Intennatlonal search was canled out on the basis of a translation of the International appUcatlon fUmlshed to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or mino add aequence disclosed In the Inteniatlonal application, the International search 
was canled out on the basis of the sequence listing : 

|X| contained In the International application In written form. 

Pn together with the International application In computer readable fdrm. 

I I furnished subsequently to this Authority m written ftonn, 

I I furnished subsequently to this Auttiortty In computer readble form. 

I 1 t*>s statement ttiat the subsequently fumlshed written sequence listing does not go beyond ttie disclosure In the 
Inteniatlonal application as filed has been fumlshed. 

I I statement ttwl the Information recorded In computer readable form Is Identical to ttie written sequence Ustlna has been 
ftinr^shed 

2. Certain daime ware found unsearchable (See Box I). 

3. Unity of invention ie lacking (see Box II). 



WHh regard to the title, 

pn ttie text Is approved as submitted by the applicant 

I I tiie text has been established by tills Authority to read as follows: 



With regard to ti>e abstract, 

pn tt>e text Is approved as submitted by the applicant. 

I I tt>e text has been established, according to Rule 38.2(b). by tills Autiiortty as It appears In Box III. The applicant may. 
— » within one month from ttie date of mailing of tills Intennatlonal search report submit comments to this Authority. 

The figure of tiie drawings to be published with tiie abstract Is Rgure No. 



Q as suggested by tiie applicant. Q None of tiie figures. 

I I because the applicant failed to suggest a figure. 

I I because tills figure better characterizes tiie Invention. 
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According to International Potent ClasslflcaBon (IPC) or to both national dassfflcotlon and IPC 




a. RELDS SEARCHED 


Minimum documentation searched (classirk»tlon syatem tottowed by dassmcatlon symte 

IPC 7 A61K C07K 


OocunentaUon searched other than minimum documentafion to the extent that such documents ai 


PS Included In the fields searched 



Electronic data base consulted during the International search (name of data t>ase and. where practical search tenne used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy' 



Citation of docunent, with Indication, where epproprlotet of the relevant passages 



Relevant to claim No. 
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Autoantigen vaccines are 
obtained by conferring antigen- 
icity by formation of multi- 
mers, of fusion proteins to non- 
bacterial sequences, or both. 
The vaccines can be adminis- 
tered using conventional do- 
sage forms for peptide vac- 
cines, or can be supplied in a 
recombinant vaccinia and the 
peptides synthesized in situ. 
Particularly useful autoantigens 
are those derived firom hor- 
mones controlling reproduc- 
tion. An easily administered 
and reversible vaccine for pre- 
venting human pregnancy is 
disclosed* TTie vaccine com- 
prises a vaccinia virus vector 

modified to contain the DNA ^ na: 

sequence encoding the C-termi- 

nal portion (CTP) of the P-chain of human chorionic gonadotropin, or a multimer thereof. The vaccinia vectors are de- 
signed so that the encoded antigen is expressed internally by infected cells, or ±e CTP-encoding sequence is modified to 
provide a chimera which is capable of carrying the CTPq antigen to the surface of the infected cell and either presenting 
the CTP^antigen at the cell surface or of secreting it In a preferred embodiment, the influenza hemagglutinin protein, or 
portions thereof, are used as the components of the chimera. Similar constructions which include alternate hormone de- 
rived sequences are also effective in humans and in other mammals. The antibodies obtained against and spedfic for these 
autoandgens are also useful. 
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AUTOANTIGEN VACCINES 



Technical Field 

This invention relates to construction and 

desiga of vaccines which neutralize the effects of 
indigenous pcoteins. Such vaccines can be made species 
specific or can have cross-species effectiveness. They 
are particularly useful in the control of fertility in 
both humans and animals. An important embodiment of 
such vaccines u,tilizes vaccinia-borne antigens. 



15 



20 



25 



30 



Background Art 

Control of population is a long-standing 
problem of humankind. It has even been suggested that 
the Trojan War was a device of the Zeus to thin out the 
densely populated eastern Mediterranean region (Tuchman, 
B., The March of Folly (1984), p 47; citing Cypria and 
Euripides). More recent efforts have relied on 
techniques of slightly more sophistication. While 
methods which require repeated self-administration have 
been moderately successful in some circumstances, many 
individuals, and a few countries as a matter of policy, 
have found it necessary to rely on long-term approaches 
such as sterilization or after-the-fact remedies, such 
as abortion. Neither of these seems optiioal. 

Control of fertility in the animal population, 
especially among pets, is also a serious problem, at 
least in the United States. Millions of unwanted 
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puppies and kitt ns ar d stroy d annually du to the 
failure £ the owners of animals adequately t prevent 
reproduction of their pets. In part, this failure 
results from the inconvenience and expense of the 
^ currently available methods of sterilization, which 

involve surgical procedures. In addition, there appears 
to be a psychological reluctance on the part of some pet 
owners to subject their anitoals to- what they perceive as 
a drastic procedure. While owners of farm animals are 
not comparably squeamish, it may still be desirable to 
offer an alternative method of population and behavior 
control to castration. For example, it is known that 
castration of bulls at an early age results in 
diminution in the quantity of meat, and in a higher fat 

15 content. However, alternative means for population and 
behavior control among pets or domesticated farm animals 
have, so far, been unavailable. 

The general concept of the use of vaccines for 
the control of fertility in both humans and animals has 

20 been the subject of some considerable research- In the 
case of humans, for example, it has been suggested to 
immunize females against sperm (Li. T.S., Obstet Gvnec 
(1974) 44:607-623) and also against placental and 
trophoblastic antigens, which in early work utilized 

25 fairly crude extracts (Koren, Z.. et al, M J Obstet 
Gvnec (1968) 102 :340-346: Beck, J.S., et al, J Path 
(1970) 125-129), and more recently against purer 
antigens such as human placental lactogen and human 
chorionic gonadotropin (Stevens, V.C., et al. Am J Repro 

30 Immunol (1981) 1:307-314). See also US Patents 

4,384,995; 4,526,716; 4,302,386; and 4,201,770; all to 
Stevens. Synthetic analogs for human chorionic 
gonadotropin (hCG) have also been suggested as antigens 
(Matsuura, S., et al. End crin 1 (1979) 101:396-401). A 



wo 86/07383 



PCT/US86/01226 



recent review of immunological m thods has be n prepared 
by Stevens. V,C., in End crine Mechanisms in Fertility 
Regulation. Benagiano. G. , and Dicz£alusy. B.. eds.. New 
York: Raven Press. 1983, pp. 141-162. incorporated 
5 herein by reference. This review includes the 

suggestion that if properly constructed, vaccines having 
the carboxy terminal peptide of hCG as antigenic 
component may be useful in humans. In addition. Thau. 
R.B.. et al have, in several papers, referenced below. 
10 suggested that ovine luteinizing hormone (oLH) may be 
useful in immunizing human females against pregnancy. 

One of the difficulties in administration of 
antigens against pregnancy is in finding a suitable 
vehicle which is acceptable for injection into humans. 
IS Ordinary adjuvants, such as Freund's complete adjuvant 
or Freund's incomplete adjuvant are not acceptable in 
humans (Stevens. V.C., Serono Symposium No. 45 , Academic 
Press. London & New York. (1982). pp. 131-143). Cost 
factors in preparing a suitable subunit vaccine have 
20 also been recognized as a problem in preparing 

anti-fertility vaccines for use in less-developed 
countries. This is particularly poignant because it is 
in these areas that overpopulation threatens to become a 
major detriment to further development. 
25 With respect to animals, some studies have been 

made which would be relevant to generating a peptide- or 
protein-based vaccine to prevent estrus or to destroy 
male sexual function in animals. Talwar. G.P., et al 
( Proc Natl Acad Sci (USA) (1985) 82:1228-1231) prepared 
30 monoclonal antibodies against gonadotropin releasing 
hormone (GnRH). which antibodies were capable, w^en 
injected into female dogs, of immediately suppressing 
the progression of estrus. Ftaser. H.M. . et al (J 
Endocr (1974) 63,: 399-406) had. a decade earlier. 
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demonstrated that atrophy of th primary and secondary 
BQX characteristics o£ male rats could be induced by 
immunization with GnRH (then called LHRH) conjugated to 
bovine serum albumin. The conjugate presumably raised 
5 antibodies to GnRH, which interrupted the normal 
maintenance of sexual function by neutralizing this 
hormone. Schanbacher, B.D. ( J Androl (1983) 4:233-239) 
later performed a similar study with similar results 
using male dogs as subjects. Esben^hade, US Patent 

^0 4,556,555 disclosed a process for passive neutering of 
animals by pre-puberty injection of anti-GnHH antiserum. 

However, the development of a vaccine to 
control population and behavior in household pets and 
farm animals has. apparently, not been seriously 

15 undertaken. Furthermore, vaccines prepared from 

proteins or peptide conjugates have certain inherent 
disadvantages. Preparation of the peptides and 
formulation of the vaccines are expensive, and 
administration must be done under controlled conditions 

20 by trained personnel. Also, because these vaccines are 
prepared by conjugation of the autoantigen to a carrier 
at the protein, rather than at the genetic level, some 
denaturation inevitably occurs. It is thus difficult to 
achieve uniform compositions from batch to batch, and 

25 some compositions have lowered antigenicity, resulting 
in variable immune responses. 

2UX alternative to protein-based vaccines has 
been known for many years. Smallpox has been 
successfully eradicated through the use of vaccines 

30 comprised of vaccinia virus. Vaccine comprised of 
vaccinia virus has tremendous advantages in terms of 
cost (approximately two cents per dose) and also in 
terms of handling, as it can be administered as a 
scratch under nonsterile field conditions and maintains 
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its stability at room temperatur when previously 
freeze-dried* These prop rties of vaccinia have 
recently been used to advantage in preparing vaccines 
against other infectious agents by recombining the genes 
5 encoding the desired immunogens against, for example, 
hepatitis B, herpes, influenza, and rabies, into the 
vaccinia genome. The recombined vaccinia can then be 
used in a manner analogous to the original smallpox 
vaccine, with all the attendant advantages. See, for 
10 example. Smith, G.L., and Moss, B., Biotechniques (1984) 
306-312; Smith, G.L-, Nature (1983) 302:490-495; 
Panicali, D. , et al, Proc Natl Acad Sci (USA) (1983) 
80:5364-5368; Paoletti, E., et al, Proc Natl Acad Sci 
(1984), 81:193-197; Wiktor, T.J., Proc Natl Acad Sci 
15 (1984) 81:7194-7198; and Panicali, D., et al, Proc Natl 
Acad Sci (1982) 79:4927-4931. 

The desirable properties of the vaccinia 
carrier have, however, never been marshalled to 
administer effective vaccines directed against 
20 autoantigens. The appropriate autoantigens for control 
of fertility depend on the species of the subject, but 
are generally related to those hormones which regulate 
the reproductive system. Human chorionic gonadotropin 
is a particular such antigen which,, if neutralized, 
25 would be incapable of its necessary role in the 
maintenance of human pregnancy. Thus, raising 
neutralizing antibodies against this factor, for example 
through the vehicle of vaccinia-borne administration 
would result in effective control of the consequences of 
30 conception in humans. The use of chorionic gonadotropin 
carboxy-terminal peptide is not workable in animals in 
general, however, because there is no placental 
production of chorionic gonadotropin in most species 
except horses. Therefore, for vaccines effective in 
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10 



15 



non-human species to achieve sterilization or temporary 

infertility, alternative antoantigens must be used. DNA 

sequences encoding a number of hormones known to be 

significant in controlling the estrus cycle, such as 

luteinizing hormone (LH) and follicle stimulating 

hormone (FSH) are usable. However, in a particularly 

preferred embodiment* the DNA encoding GnBH is effective 

in generating antibodies which prevent fertility in 

these animals. As the sexual function of both male and 

« 

female farm animals and in dogs and cats is controlled 
primarily by GnRH, either sex may be rendered infertile 
or sterilized using such vaccines. 

Disclosure of the Invention 

The invention provides vaccines which are 
low-cost, effective preparations suitable for use in 
developing countries as well as in the industrialized 
world for fertility control, both in humans and in 
animals. The vaccines are also useful, in general, to 
control any metabolic function which is regulated by an 
indigenous protein or autoantigen. 

The vaccines include those which provide 
protection against pregnancy in humans for limited time 
periods and which are reversible so ,as to permit theic 
use without the negative effect and disincentive of 
permanent sterilization. Such vaccines are immunogenic 
forms of human chorionic gonadotropin (hCG) , a placental 
product necessary for maintenance of pregnancy. Other 
hormones connected with reproductive function, such as 
GnRH. and certain forms of LH can also be used as the 
basis for providing antigenic determinants in the' human 
vaccine. Analogous vaccines using autoantigenic forms 
of, for example, GnRH, FSH, or LH are useful in 
fertility control in animals. The immunogens can be 



20 



30 
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administered as DNA constructs with vaccinia virus, a 
vehicle which permits low-cost formulation as well as 
administration under a range of conditions some of which 
may be less than desirable for delivery of medical 
5 services. They can also be administered in more 

conventional methods such as protein vaccines using, for 
example, an autoantigenic construction encoding the 
appropriate region of the appropriate hormone as the 
antigenic determinant. , 

iO The invention, however, has broader 

application. Indigenous proteins in general can be made 
effective as autoantigens by multimerization of their 
epitopes or by conjugation to a non-bacterial amino acid 
sequence in the form of a fusion protein and can be 
administered in conventional or vaccinia-borne forms. 
Thus, any metabolic function regulated by peptides is 
susceptible to control by appropriate vaccines. The 
species specificity of such vaccines can be controlled 
since this depends upon the choice of epitopes. The 

2^ vaccines can thus be constructed to be broadly 

applicable across species lines, or can be limited in 
their effect to a single species of choice. 

In its broadest aspect, the invention relates 
to the use of autoantigens as vacciAes to control 

2^ metabolic function wherein the antibodies to an 

appropriate indigenous protein are raised in response to 
a recombinantly created "autoantigenic" form, such as. 
preferably, a multimer which contains at least 2 
repeating units of at least one epitope associated with 
the indigenous protein, or as a recombinantly produced 
fusion protein bearing a suitable epitope. The 
autoantigenic forms are constructed at the DNA level, 
using recombinant techniques, and the autoantigenic 
proteins may either be generated in situ in the subject, 
if the DNA encoding the autoantigen is properly disposed 
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in a vaccinia vehicle, or they may be produc d using 
recombinant techniques and supplied as peptides or 
proteins. 

In one approach, the autoantigen is a multimer. 
5 and the DNA encoding an indigenous peptide, such as a 
hormone, or an epitope-containing portion thereof, is 
manipulated i^ vitro to obtain repeating coding sequence 
for a multimer of this sequence. The proteins which 
form the basis for the vaccine may also be monomers with 

10 respect to an autoantigen epitope if they are disposed 
in suitable carrier proteins which provide sufficient 
immunogenicity. The DNA encoding this epitope is, in 
this case, ligated to the DNA encoding the carrier. 
Finally, the epitope-containing moiety can be linked to 

15 a carrier to create immunogenicity at the protein level. 

In one particular aspect, the invention relates 
to antipregnancy vaccines useful in humans which are 
based on epitopes of a specific region of the hCG 
protein - the carboxy terminal peptide (CTP) which 

20 represents the end of the "fl-hCG" chain. (As will be 
explained below, hC6 contains two non-^covalently bound 
subunitsj designated a and B.) These monomers and 
multimers include CTPs modified by containing no 
cysteine at position 110 or having -cysteine replaced 

25 with a serine or other equivalent amino acid residue at 
position 110. In another embodiment, vaccines against 
pregnancy in farm animals and pets, and, if properly 
administered, in humans, are based on the production of 
immunogenic forms of a fertility controlling autoantigen 

30 gonadotropin releasing factor (GnElH) a product of the 
hypothalamus which controls release of certain hormones 
from the pituitary. The most preferred forms of Gn£^ 
are modifications of the human sequence wherein the 
N-terminal pyroglutamic acid (presumably formed by 



cyclizati n in serum) is replaced by glutamiae and the 
C- terminal amidated glycine is replaced by glutamine. 
Still other embodiments utilize immunogenic forms o£ 
other fertility controlling autoantigens, specif ically« 
LH and FSH, in both animals and humans. 

Also an aspect of the invention are vaccines 
whose species specificity is regulated by the choice of 
epitopes in converting portions of human* bovine, and 
dog LH B chains to autoantigens. Depending on the 
portions of the peptides chosen* these vaccines are 
species-specific or species-versatile in their 
application. 

In all cases « the desired autoantigen can if 

desired be administered in the form of a recombinant 

vaccinia containing expressible monomers and multimers 

of the autoantigen. For vectors whose DNA sequence 

encodes only the autoantigen (for example, the multimers 

of CTP or GnRH), intracellular expression is expected to 

result. These antigens will be revealed to the immune 

system when the infected cells in which they reside are 

lysed by the cytotoxic immune response mounted against 

vaccinia. For those embodiments wherein the vaccinia 

genome is recombined with a carrier protein encoding 

sequence (such as influenza hemagglutinin (HA) encoding 

DNA) which is interrupted by the DNA sequences encoding 

the desired autoantigen* the secondary carrier functions 

to transport the autoantigen monomers or multimers to 

the surface of infected cells. This creates more 

effective exposure of the autoantigen to the subject* 

and enhances the immune response. In one embodiment* 

■ 

using HA, for example, the desired autoantigen genes are 
cloned into the A or B antigenic regions of the 
influenza HA; in a second embodiment, they are cloned 
between the HA signal sequencie and membrane anchor 
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portions. Both of th se approaches result in 
presentation of the antigen at the surface of the cell. 
Other constructions result in the secretion of the 
expressed protein. For instance, the desired 
5 autoantigen DNAs can be cloned into HA encoding DNA so 
that the resulting proteins are linked operably to the 
signal sequence, but with the membrane anchor portion of 
the HA eliminated. Alternatively, other signal 
sequences, such as, for example, those associated with 

10 bacterial alkaline phosphatase (BAP) or renin can be 

used to effect secretion of the the desired autoantigen 
Immunogens, or the signal sequence associated with the 
native antigenic protein may be employed. 

In other aspects, the invention relates to 

15 methods of preventing pregnancy or controlling other 
metabolic functions by administration of the foregoing 
vaccines and to methods of preparation of such vaccines, * 
as well as to intermediate vectors and DNA sequences 
useful in their preparation. 

20 In still another aspect, the invention relates 

to antibodies produced in response to these vaccines. 
These antibodies are particularly useful in assessing 
the levels of the hormones themselves through 
inimunoassay. Accordingly also included within the 

25 invention are labeled and unlabelled forms of the these 
antibodies, and these antibodies both in soluble form 
and bound to a solid support. Spleens obtained from 
animals immunized with the vaccines of the invention can 
also be used as a source of cells for immortalization to 

30 obtain corresponding monoclonal preparations. 



Brief Description of the Drawings 

Figure 1 shows the DNA sequences useful in 
pr paring the gene encoding modified and unm dified 
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fi-hCG CTP monomers and miultimers representing amino 
acids 109-145 of B-hC6. 

Figure 2 shows the amino acid sequence for GnRH 
in several species and the DNA sequences useful in 
'5 preparing the genes encoding modified human and 
chickenll GnRH monomers and multimers. 

Figure 3a shows the cDNA sequence of and method 
of constructing appropriate multimers of a portion of 
the fl peptide of bovine LH. , 
iO Figure 3b shows the cDNA sequence of and method 

of constructing appropriate multimers of a portion of 
the fi peptide of dog LH. 

Figure 4 shows the cDNA sequence of and method 
of constructing appropriate multimers of a portion of 
i5 the fl peptide of human LH. 

Figure 5. shows modification of pKK223-3 to 
obtain the host vector pVAl and of pKT19 and pKT41 to 
obtain the host vector pVA2. 

Figure 6 shows the construction of derivative 
20 vectors pHAl and pHA2 containing an HA-encoding DNA. 

Figure 7 shows a map of a typical hemagglutinin 
encoding gene with useful restriction sites for its use 
as a carrier. 

Figure 8 shows the modification of the HA gene 
25 for insertion of autoantigen multimers in the HA 
antigenic regions. 

Figure 9 shows the construction of intermediate 
vectors carrying an HA gene modified by insertion of 
autoantigen between its signal sequence and membrane 
30 anchor. 

Figures 10a« 10b, and 10c show the construction 
of intermediate vectors containing autoantigen inserts 
into an HA secondary carrier which lacks membrane anchor 
codons. 
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Figur 8 11 and 12 show th constructioa o£ 
vectors designed to effect autoantigen secretion using 
the signal sequences of BAP and renin, respectively. 

Figure 13 shows the construction of p6S20 and a 
5 diagram of its use in effecting integration of a desired 
sequence into the vaccinia virus TK gene. 

Figure 14 shows the results of a gel analyzing 
the proteins produced by cells tranfected with 
expression vectors for the autoantigenic OTPs of the 
10 invention. 

Figure 15a shows a comparison of human, rat, 
bovine, and dog fi LH amino acid sequences. Figure 15b 
shows the location of peptides useful in species- 
specific vaccines, and the sequences of oligonucleotides 
15 encoding them. 

Modes of Carrying Out the Invention 

The invention, in one aspect, relates to 
methods and constructions which utilize the vaccinia 

20 system to introduce and express genes for autoantigens 
in vertebrate hosts. Heretofore, vaccinia has been used 
as a vehicle for DNA sequences which express proteins 
that are already immunogenic in the target host, and 
have not been employed to obtain expression of 

25 autoantigens that are altered to render them 

Immunogenic. A particularly suitable "alteration" 
includes use of multimeric genes to produce multimeric 
antigens, so that the joined regions form the foreign 
epitopes. Immunogenic! ty is also provided when 

30 monomeric as well as multimeric genes inserted into DNA 
regions encoding known antigenic sites, such as those 
which reside in influenza hemagglutinin. The 
autoantigen will then be presented in a part of the 
protein kn wn to be accessible t antibodi s, and the 
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other hemagglutinin antigenic sites as well as the 
joining regions to the antigen region sequence represent 
the foreign epitopes. These and other constructions 
employing monomeric and multimeric genes in foreign 
5 proteins use these foreign proteins to carry and dispose 
the resulting chimeras to the infected cell surface or 
to secrete them from the infected cell. This transport 
makes the autoantigen-bearing chimeras accessible to the 
immune system. 

10 As the proteins which result from in situ 

expression of these recombinant constructs are 
immunogens, the immunogens could also be produced 
outside the subject using recombinant techniques and 
administered as conventional protein vaccines. This 

iS recombinant expression includes the use of conventional 
procaryotic and eucaryotic expression systems and hosts, 
as well as transient expression from a recombinant 
intermediate shuttle vector using standard 
transformation into vaccinia-susceptible cells and 

20 infection with vaccinia virus. 

As the vaccines are effective in producing 
antibodies which are immunospecif ic for the hormones 
involved in reproduction or for other indigenous 
proteins, these antibodies can. of course, be purified 

25 and used in immunoassays for the determination of the 
antigen. 

A. Conferring Immunogenicity on Indigenous Proteins 
At the heart of the invention is the use of 
30 recombinant techniques to create forms of indigenous 
proteins which are immunogenic, and which therefore 
behave as autoantigens. 

These "autoantigens" are portions of or 
complete sequ nc s of proteins normally mad in the 



wo 86/07383 



PCT/US86/01226 



h St. and which proteins are thus immunologically 
privileged, unless they are mad immunogenic. This 
immunogenic ity can be obtained by linking the gene for 
an autoantigen which represents all or part of the 
5 immunologically privileged protein to a gene for an 
additional sequence, either a duplicate of the 
autoantigen or another secondary carrier protein, or 
both, so that the junction region between the 
autoantigen and its adjacent amino acids is clearly 

10 foreign to the host organism and is capable of 

conferring immunogenicity on the entire protein. The 
chimeric proteins produced by the inserts into vaccinia 
virus exhibit this property when produced in situ, or 
the same coding sequences can be produced using 

iS recombinant expression techniques in, vitro and then used 
as conventional vaccines. In some cases, especially 
where. the autoantigen is only a portion of an 
immunologically privileged protein, the autoantigen 
alone may be immunogenic. 

20 la summary, the invention concerns 

recombinantly produced immunogenic forms of indigenous 
proteins. The immunogenic form obtained by constructing 
the gene encoding and producing either: a multimer 
which consists essentially of at least 2 repeating units 

25 of at least one epitope of the indigenous protein, or at 
least one epitope of the indigenous protein conjugated 
to a non-bacterial polypeptide, or a multimer which 
consists essentially of at least 2 repeating units of at 
least one epitope of the indigenous protein conjugated 

30 to an additional polypeptide sequence. 

According to one embodiment of the invention, 
multimers .of the desired autoantigen are created at the 
DNA level. • The junction regions of the multimeric 
proteins constitute the foreign sequences which c nf er 
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immunog nicity oa th r suiting polymeric protein. This 
approach has the advantage of generating a relatively 
large immunogen with few irrelevant epitopes* and with a 
high concentration of the desired determinant, as 
5 compared, for example, with the more traditional 
conjugation of the desired hapten with a carrier 
protein. Alternative ways to create epitope polymers 
using polymerization agents which directly act upon the 
peptide, such as glutaraldehyde. result in denatured 

i^ forms of the epitopes, and are therefore sometimes of 
marginal efficiency in producing the desired 
constructs. Using the techniques of the invention, the 
protein is "polymerized" at the DNA level, resulting in 
a recombinant polymer which more closely resembles the 

^5 native peptide form. Recombinant multimers have been 
constructed from proinsulin (Shen. S.. Proc Natl Acad 
Sci (USA) (1984) 81:4627-4631). and the multimers 
expressed in E. coll . These multimers were used to 
stabilize the recombinant protein, and were subsequently 

20 depolymerized to regenerate the monomeric form, which 
was the desired product. Recombinant multimers of the 
"CS" protein of the human malaria parasite have also 
been constructed (Young. J.F., et al. Science (1985) 
228 :958-962) . These are peptides encoded by monomers, 

25 dimers and trimers of a Xhol fragment which therefore 
contain 16. 32. or 48 tandem copies of a repeated 
tetrapeptide sequence. The native protein contains 37 
repeats of this tetrapeptide interspersed with 4 
identical (to each other) tetrapeptides . The peptides 

3^ are found to be immunogenic in mice. 

The immunogenicity of the protein may also be 
enhanced by inserting it into the antigenic regions of a 
protein derived from an infectious material such as a 



wo 86/07383 



PCT/US86/01226 



.16- 

viral surface prot ia, or to a carrier which functioas 
simply to increase the size of the peptide. 

The "carrier" is a peptide sequence resulting 
in the production of a fusion protein between at least 
5 one epitope of the desired autoantigen and a 

non-ba6terially derived sequence capable of conferring 
imunogenicity on the epitope which provides the hapten 
for the imnmnogen* Again, the junction region 
represents unfamiliar sequence to the recipient, and the 

10 additional peptide confers sufficient size, if needed, 
to raise antibodies against this determinant. The 
peptide sequences of the influenza hemagglutinin protein 
are particularly useful in providing the needed 
additional amino acid sequence. 

15 A diagram of a typical hemagglutinin (HA) gene 

is shown in Figure 7. The particular map shown is of 
the antigenic variant A/ Japan/305/57 (H2) as disclosed 
in Gething. M.J.. et al. Nature (1980) 287 :301. As 
indicated in the figure, the gene encodes a signal 

20 sequence » a peptide containing approximately 550 amino 
acids followed by a membrane anchor sequence. The gene 
is framed by Ball. Ndel. and PstI restriction sites and 
contains several convenient restriction sites in the 
body of the amino acid sequence. The epitopes, either 

25 as monomers or as multimers. may be ligated into the 
antigenic regions shown as A and B by providing blunt 
end restriction sites between codons in these regions 
using site specific mutagenesis. In addition, the 
naturally occurring restriction sites may be used to 
result in proteins extended by the remaining portions of 
the HA carrier. 

If the fused gene is expressed in culture 
outside the host to provide the fused protein, the HA 
sequences serve merely to provide the desired 
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inimunogenicity on the c nstruct. Of course, retaining 
the signal sequence and deleting the membran anchor in 
the cultured cells will result in the ability to recover 
the desired protein from the culture medium. If 
5 expressed in situ in the vaccinated host, the HA 

sequences serve functions more directly related to the 
presentation of the antigenic determinant to the host. 

Of course, mul timer encoding sequences may be 
ligated to DNA encoding carrier in a^ combination of the 

iO foregoing methods. 

An additional advantage may be obtained by the 
use of vaccinia as carrier for any autoantigenic gene 
constructed as described above in that the levels of 
immunogenicity may be adjusted through the nature of the 

15 protein encoded. As stated above, if the autoantigen is 
inserted directly into vaccinia, the encoded 
autoantigenic protein will be produced as an - 
intracellular protein with limited exposure to the 
immune system. Insertion into an antigenic region of a 

20 viral protein will result in display of the antigen on 
the cell surface: similar enhancement may be obtained by 
using additional secondary carrier sequences which 
result, in secretion from the infected cell or 
disposition on the cell surface. 

25 The autoantigens are constructs of peptides 

which are involved in metabolic control of the subject 
host, especially hormonal control, and. in particular, 
fertility control. 

The invention is illustrated below with respect 

30 to specific useful embodiments. In one of these, coding 
sequences derived from fi-hCG are made immunogenic' and 
are thus useful in creating vaccines which prevent 
pregnancy in humans. In two other specific 
illustrations. GnRH and LH of known sequence are made in 
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a form to c nfer infertility on a variety of animals. 
Human GnRH is illustrated for use in animals in general, 
including dogs and cats. However, also preferred are 
other GnRH peptides of known sequence, such as the GnRH 
5 peptides shown for salmon and chicken in Figure 2. It 
should be noted that porcine and bovine sequences are 
identical with each other and with the human sequence. 
Presumably, in view of the high degree of sequence 
homology with species as distant as salmon, the GnRH 

iO native to dogs or cats or to other farm animals will at 
least have immunological cross-reactivity with the human 
and or chicken forms. 

Both bovine, dog. and human LH fi peptides are 
illustrated. These may have considerable cross-species 

1-5 reactivity, especially if regions of homogeneity are 
included. However, as illustrated below, species 
specific vaccines may also be constructed by 
recombinantly generating peptides or multimers of 
peptides which represent non-homologous regions. 

20 In addition, other autoantigens which are 

fertility controlling autoantigens can also be used and 
include, for example, those derived from ovum pcoteins 
such as zona pellucida peptide; sperm antigens such as 
hyaluronidase and acrosin: the spern^-specif ic isozyme of 

25 lactose dehydrogenase, and the additional pituitary 
hormone follicle stimulating hormone (FSH) . 

In particular, certain approaches to fertility 
control are considered particularly desirable. For 
humans, vaccines which succeed in immunizing the subject - 

30 based on the OTP portion of fl HCG are particularly pre- 
ferred, but it is also effective to utilize the entire B ^ 
HCG subunit or other portion thereof, or the ovine B LH 
subunit or portion thereof to prevent pregnancy in 
humans. Thau. R.B.. et al. Fertil Steril (1979) 
31:200-204; ibid (1980) 31:317-320; ibid. Endocrinol 
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(1983) 112:277-283; and Yamamoto, Y. . t al, J Reprod 
Fectil (1982) 4:295-311; J Reorod Immunol (1983) 
5:195-202 have shown that ovine fl LH is effective in 
preventing pregnancies in Rhesus monkies. In addition, 
5 vaccines which confer immunity against FSH (Mougdal. 
N.R.. Arch Androl (1981) 7:117-125; Mougdal, N.R., et 
al. Am J Reprod Immunol (1985) 8:120-124) and GnRH are 
administerable to decrease fertility in human males, 
although the administration of vaccines which raise 
antibodies against GnRH must be accompanied by 
administration of testosterone or other steroids which 
prevent loss of libido. 

In animals, vaccines which are specific in 
raising antibodies against GnRH are preferred. Also 
15 particularly useful are vaccines which are species 
specific — i.e., which are capable of preventing 
pregnancy or inducing sterility in only the species to 
which they are administered. These vaccines utilize 
epitopes which reside in regions of the hormones 
20 controlling reproduction which are non-homologous 

between species, particularly between humans and species 
to which humans must administer the vaccines. This may 
be especially desirable in constructing a vaccine useful 
in animals, as there would then be little danger of 
25 affecting the humans responsible for its 

administration. The illustration below sets forth an 
exemplary procedure whereby a region of low homology is 
chosen as the antigenic determinant for a vaccine. 

In a converse application, the gene encoding 
30 inhibin, a hormone which affects fertility by lowering 
the ability of the pituitary to secrete FSH can be used; 
here the antibodies would increase the fertility of the 
host. See Olson, P.W., et al. Symposium on 
Endocrinology^ Vet Clin NA: Small Animal Practice 
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(1984) 14:927-926, It also may be desirabl to immunize 
the host against these and other hormones in order to 
regulate overproduction of these hormones and the 
resulting metabolic aberrations. In general, the 
^ autoantigens with which the invention is most concerned 
are "fertility controlling" — i.e., hormones which are 
involved in the physiological control of sex 
characteristics including behavior and fecundity. 

In another context, it has« been disclosed by 

^0 Reddy, V.B., et al, Proc Matl Acad Sci USA (1985) 
82:3644-3648, PCT Applications Publication Nos 
WO85/01958 and WO85/01959, that simultaneous enhanced 
expression of genes encoding both a and B subunits of 
the fertility hormones is achievable using an 

^5 autonomously replicating vector in monkey cells. No 

productio.n of the B chain of hCG was, however, observed 
if sequences encoding the a chain were omitted from 
the vector. 

There are a large number of additional 

20 autoantigens to which it is desirable to generate 
neutralizing antibodies. A partial list of such 
autoantigens would include those corresponding to 
immunoglobulins generated by the victims of autoimmune 
diseases which are specific to the* host's own tissues 

25 (where the neutralizing antibodies would suppress the 

autoimmunity) and those corresponding to the T24 bladder 
carcinoma growth factor (Taparowsky, E., et al. Nature 
(1982) 300 :762) , a protein generated by a human oncogene 
which causes the transformation of bladder cells (where 

30 the antibodies would retard the development of 
malignancy) . 



wo 86/07383 



PCT/US86/01226 



-21- 

B. CTP Immun oeas 
u 

Th most preferred embodim nt o£ vaccines 
against human pregnancy are those wherin the 
autoantigenic peptides are derived from the car boxy 
5 terminal peptide (CTP) of the B chain of human chorionic 
gonadotropin (fl-hCG) . Use of CTP-related peptides has 
several advantages: 

First, while the CTP is derived from a human 
protein which is associated with a human hormone similar 

10 to certain others specified below, the CTP region is 
unique to hC6, thus minimizing the likelihood of 
unwanted interference with other essential hormones by 
antibodies raised against CTP. hCG itself is a 
glycoprotein of molecular weight 38 kd. of which 30% 
represents sugar. The protein has two dissimilar 
subunits, a and B-hC6» which are coupled hy^ 
noncovalent linkage. The a subunits of hC6 and of 
three other hormones — luteinizing hormone (LH), 
follicle-stimulating hormone (FSH) , and 

20 thyroid-stimulating hormone (TSH) are identical in 

humans. hC6 is secreted by the placenta; LH, FSH. and 
TSH are secreted by the pituitary. The B subunits of 
all four of these hormones show differences between 
them, but do retain some amino acid sequence 

25 homologies. The homologies 'are greatest between hCG and 
hLH B subunits; however, hCG contains an additional 
thirty amino acids extended beyond the 115 amino-acid 
residues in the B subunit of hLH. In general, positions 
111-145 of B-hCG show no counterpart in hLH. Indeed, 

30 the peptide represented by positions 109-145 of hCG, 
conjugated to a carrier protein such as bovine gamma 
globulin or diphtheria toxoid, has been tested as an 
antif ertility agent in baboons (Stevens, Serono 
Symposium (supra)). 
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A second advantage of utilizing the CTP regi n 
of fl-hCG is that the hormone which it represents, as a 
placenta-derived hormone, is not generated directly by 
the host. Thus, antibodies raised against hCG which are 
5 not cross-reactive with FSH, LH, or TSH do not interfere 
with a hormone which might regulate the metabolism of 
the immunized subject. The roler of hC6 is presumed to 
be stimulation of steroid (progesterone) production by 
the corpus luteum following conception, until steroid 

-^^ production by the placenta itself can be established. 
Production of hCG by the placenta apparently begins 
within six days of conception, and is essential for the 
maintenance of pregnancy. If sufficient levels of hCG 
are not synthesized by eleven days, the corpus luteum 

^5 regresses and normal menstruation occurs; the effect of 
this failure would presumably be mimicked by 
neutralizing antibodies. Immunization against hCG thus 
represents immunization against a non-maternal (although 
immunologically privileged) hormone which is apparently 

20 designed specifically for the maintenance of pregnancy 
and is presumptively not secreted for any other 
additional purpose. 

A third advantage of using a partial sequence 
of hCG is that a vaccine using CTP ^as the immunogen 

25 provides sterility that is apparently reversible, as 
judged by preliminary tests on baboons. (Stevens, 
supra). This reversibility is thought to be due to the 
direction of T-cell memory not against native hCG but 
against the hCG/carrier protein joining regions. 

30 Therefore, production of the native hormone in 

intermittent pregnancies (which are presumably then 
terminated by the antibodies) is not likely to boost the 
anti-hCG response, and this has been shown in baboons 
(Stevens, supra). The ability to construct the CTP 
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poction as an unfamiliar protein may indeed acc unt, in 
the previously disclosed constructions* for the 
immugenicity of what might otherwise be considered an 
indigenous protein. 
5 (Indeed, this feature is not limited to CTP but 

is true of autoantigens in general. The subjects are 
not boosted by their own hormone or endogenous peptide 
production. ) 

Uhile preliminary experiments have been 

10 performed by Stevens (supra) indicating that the CTP 

region has possibilities as an antif ertility vaccine, it 
has been apparent that a satisfactory formulation for 
administration of the immunogenic sequence has not been 
found. Vaccinia offers such a possibility by providing 
a means for producing large quantities of immunogen in 
situ, as well as constituting a vehicle which has the 
benefit of collective ' experience through smallpox 
vaccinations and. more recently, through experimental 
Immunizations against other diseases, as outlined 

20 above. 

This is not to say that alternate constructions 
are excluded. Fusion proteins containing the CTP 
monomer or multimer may be made using conventional 
recombinant techniques, and used in a manner common to 
25 traditional subunit vaccines. 

C. GnRH^ Immunogens 

Gonadotropin releasing hormone (GnRH) is a 
decapeptide secreted by the hypothalamus and controls 
30 the release of both luteinizing hormone (LH) and 

follicle stimulating hormone (FSH) in vertebrates (FinJc, 
G-, British Medical Bulletin (1979) 35:155-160). These 
hormones, in turn, control the levels of steroid 
hormones such as estradiol and prog sterone. The amino 
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acid sequence of the decap ptid GnEH has been 
determined for several species « as shown in Figure 2, 
and the cDNA for human GnHRH has been cloned, so that 
its sequence is established beyond doubt (Seeburg, 
5 et al. Nature (1984) 311:666-668). (GnSH was formerly 
designated LEIRH and is so named in the Seeburg paper*) 
As the peptide sequences for the GnRH from salmon and 
two such factors from chicken are known. DNA constructs 
encoding them are also easily prepared. 

10 Both LH and FSH are significant in regulating 

the estrus cycles of dogs and cats, although different 
patterns are obtained. In the dog, luteinizing hormone 
peaks sharply at the onset of estrus and falls off as 
the period of estrus proceeds and is dissipated. FSH 

15 also reaches a peak at this time, although the peak is 
slightly retarded from that of LH and the patterns are 
not precisely the same. The levels of estradiol* 
(controlled by FSH) and progesterone (controlled by LH) 
also cycle. Therefore, the estrus cycle is destroyed by 

20 preventing secretion of LH and FSH from the pituitary. 
This can be accomplished by suppression of GnRH activity 
through immunoreaction. 

In cats, the orchestration is different, but 
the players are the same. The surge of LH essential for 

25 ovulation is not released except upon sexual 

stimulation. However, the levels of LH and FSH that 
control sexual behavior and receptivity do cycle and are 
controlled by GnRH as in other vertebrates (Johnson, 
L.M. et al., Endocrinol (1981) 109 ; 240-246) . Thus, 
prevention of LH and FSH secretion by suppressing the 
activity of GnRH will result in temporary sterility. 

In addition, earlier studies have shown that 
antibodies to GnRH suppress sexual function in males 
(Fraser, et al, and Schanbacher, et al, supra). Thus, 
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vaccines relying n generation £ GnRH as antigen are 
effective in mal subjects as well* 

An advantage of employing GnRH is the cross 
species effectiveness of a single vaccine. The amino 
^ acid sequence of GnRH is highly conserved among 

species. As shown in Figure 2, human* sheep, rat. pig« 
and cow GnRH are completely homologous; the most highly 
differing peptide is one of two derived from chickens 
which shows only three amino acid residue differences. 

iO All of these have biological activity in rats. 

The constructs used in the present invention 
are derived from the human sequence but are modified by 
substituting the glutamine residue at the N-terminal 
position in place of the pyroglutamic acid. This 

15 substitution has the effect of retaining the glutamic 

acid structure but preserving the uncharged structure of 
the pyroglutamate. The resulting peptide thus does not 
require cyclization of the glutamic acid residue, and 
can be conveniently produced in the cytoplasm of the 

20 infected cell without concern for the presence of 
conditions to effect this processing, such as are 
ordinarily found in serum. The multimer as obtained 
from these constructs will have a C-terminal glutamine 
which mimics the amidation of the naturally occurring 

25 decapeptide. also obviating the need for subsequent 
processing. 

. With respect to obtaining suitable vaccines 
using GnRH as a base, the considerations discussed above 
with respect to CTP apply. Administration may be as a 
30 vaccinia virus construct or as a conventional subunit 
vaccine. 
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D. Luteinizing H rmone and Species Specificity 

Vaccines are also illustrated below which are 
derived from human* bovine, and dog LH B chain 
sequences. As outlined above* LH is involved in 
5 maintenance of the corpus luteum, and although 

regulation of its level varies from species to species* 
it is essential for fertility in all. Therefore, 
antibodies capable of neutralizing LH are effective 
antif ertility agents. 

10 Figure 15a shows a comparison of the amino acid 

sequences of human, rat, bovine, and dog LH. Many 
regions are highly homologous, but the boxes designate 
regions where the differences from human sequence 
occur. Vaccines based on raising antibodies to LH can 

15 thus be made species-specific (or at least, ineffective 
in humans) by selecting these regions of low homology to 
obtain the autoantigen. In general, species specificity 
is obtained by selecting non-homologous regions, or 
vaccines can be made effective across species lines by 

20 using homologous regions. Figure 15b suggests peptides 
of interest for cow-specific and dog-specific vaccines . 

The non-homologous peptides indicated are 
sufficiently short that genes encoding them can easily 
be made using the currently available chemical synthesis 

25 methods. Thus* the monomeric and multimeric units 

analogous to those of CTP and GnRH described above can 
be synthesized and manipulated in similar ways, either 
individually, or as cocktails which include two or three 
of the desired peptides. However, DNA capable of 

30 encoding major portions of either the bovine or human 
sequences can most conveniently be obtained by 
recovering a cDNA clone from libraries constructed using 
bovine or human pituitary mRNA. Complete genomic coding 
sequ nces for bovine LH (Virgin, J.B., et al, J Biol 
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Chem (1985) 260 :7072-7077) and f r human LH (Talmadge, 

et alp Nature (1984) 307 ; 37-40) are Jen wn. and 
because of high sequence homology, the B-hC6 cDNA 
released as a Hindlll fragment from the pBR322 cloning 
vector described in Fiddes. J.C., et al. Nature (1980) 
286 :684-687 can be used as probe. The nucleotide 
sequence encoding the £ chain of rat LH has also been 
disclosed (Chin. et al. Proc Natl Acad Sci (USA) 

(1983) 80:4649-4653). The cDNA sequences encoding cat 
or dog flLH can be retrieved from XgtlO libraries 
prepared from pituitary mRNAs of the respective species. 

Significant portions of the bovine, dog, and 
human LH sequences can be excised for the construction 
of autoantigenic forms as described in more detail in 
the illustration set forth below. For the bovine cDNA, 
naturally occurring Haelll sites at amino acids 22 and 
85 provide a convenient fragment; for the human cDNA, a 
Maelll site at codons 111-112 can be employed along with 
an artifically introduced Maelll site at codons 1-2. In 
all cases, these ponstructions are merely for the 
purpose of example, and constructions can be made using 
any major portion of the peptides. The manipulations to 
effect autoantigenicity - multimerization of the DNA, 
ligation into a carrier protein, production of a fusion 
protein, and so forth: and the means of administration - 
as a vaccinia borne expression system or as a protein or 
mixture of proteins produced by recombinant means, are 
similar to those described in connection with GnBB. and 
CTP. 

Antibodies raised against the immunogenic 
proteins of the invention, whether these proteins are 
produced for vaccine formulation or in situ , are useful 
in diagnosis and, if correctly prepared, in passive 
treatment. Conventional processes known in the art are 
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used to PC pace th s antibodies. Both the antibodies 
thems Iv s and theic immunospecif ic fcagmentSr such as 
Fab fcagments ace thus useful. 

5 E. Definitions 

As used hecein, "cacbos^ tecminal peptide" oc 
»CTP" cefecs to a cegion of B-hCG which has little in 
common with the thcee similac hocmones FSH« TSH, and 
LH. fi-hCG is a 145 amino acid pept).de of known sequence, 

10 (Fiddes. J.C.. et al, Natuce (1980) 286 :684-687). The 
appcoximately 30 amino acids cepcesenting positions 
109-145 cepcesents a unique determinant among this 
group. As used herein. CTP refers to a peptide having 
an amino acid sequence substantially similar to that 

i5 represented by amino acids 109-145 of the native B-hCG. 
However, it is understood that minor modifications of 
the amido acid sequence may be made without affecting 
the immunological characteristics of the resulting 
peptide. Amino acid additions, deletions, and 

20 alterations can be made so long as they do not 

negatively affect the ability of the resulting peptide 
to elicit neutralizing antibodies against hC6 itself. 
Such modifications include, but are not limited to, 
deletion of the cysteine residue at position 110 or 

2^ replacement of the cysteine residue by serine or another 
amino acid which does not impair the immunogenicity of 
the resultant modified form, such as, for example, 
alanine, glycine, or valine. Deletion of this cysteine 
residue provides an improved form of the protein as the 

30 fortuitous formation of unwanted disulfides is thus 
prevented. 

Also used in the vaccines of the invention are 
"multimers" of CTP which comprise repeated sequences of 
the particular CTP peptide employed. Thes multimers 
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may consist of multiples of 2-10 of th CTP peptide and 
ar head-to-tail ligations of th monomer form. Thus 
the designation CTPj^r where n is 2-10. designates 
embodiments which contain 2-10 of the approximately 
5 30-mers corresponding to CTP. 

As used herein, "gonadotropin releasing factor" 
or "hormone" or "GnRH" refers to the hypothalamus 
product which is generally believed to effect the 
release of FSH and LH from the pituitary, as well as to 

1^ perform other regulatory functions relating to sexual 
activity, and which is typified by the amino acid 
sequences determined for various vertebrate species as 
shown in Figure 2. Where the context clearly so 
requires. GnRH also refers to the appropriate DNA 

15 sequence which encodes the referenced peptide. As used 
herein. GnRH refers to a peptide having an amino acid 
sequence substantially similar to. that .represented in 
Figure 2; however, it is understood that minor 
modifications of the amino acid sequence may be made 

20 without affecting the immunological characteristics of 
the resulting peptide, and the definition includes these 
resulting peptides. In the context of the present 
invention, amino acid additions, deletions, and 
alterations can be made so long as .they do not 

25 negatively affect the ability of the resulting peptide 
to elicit neutralizing antibodies against GnRH itself. 
Such modifications include, but are not limited to, 
replacing the pyroglutamic acid residue at position 1 of 
the human sequence by glutamine, and addition of a 

30 glutamine residue at the C-terminus of the monomer or 
multimer. Such alterations do not impair the 
immunogenicity of the resultant modified form, and are 
specifically included within the definition. They, in 
fact, represent a pr f erred embodiment. It is also 
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clear from Figure 2 that the amino acid residues ia 

positions 7 and 8 are the least conserved. Therefore 

altered forms of GnRH with substitutions in these 

positions are effective. 

5 Also used in the vaccines of the invention are 

**multimers" of GnRH which comprise repeated sequences of 

the particular GnRH peptide employed. These multimers 

may consist of multiples of 2-10 of the GnRH peptide and 

are head-to-tail ligations of the m9nomer form. Thus 

10 GnRH « where n is 2-10* designates embodiments which 
n 

contain 2-10 of the decamer corresponding to GnRH. The 
multimers .may contain an additional C-terminal amino 
acid, as is the case in the illustration below. 

As used herein, "human LH" or hLH, "bovine LH" 

15 or bLH, and "dog LH" or dLH refer to the respective 

human and bovine hormones which are responsible for the 
maintenance of the corpus luteum. in general, the bLH, 
dLH, and hLH antigens used in the invention have the 
amino acid sequences shown in Figures 3a, 3b, and 4, or 

20 ^significant portions thereof. Where the context clearly 
so requires, b-, d-, or hLH also refers to the 
appropriate DNA sequences which encode the referenced 
peptides. As used herein, bLH refers to a peptide 
having an amino acid sequence or position substantially 

25 similar to that represented in Figure 3a (dLH to that of 
Figure 3b; hLH to that of Figure 4); however, it is 
understood that minor modifications of the amino acid 
sequence may be made without affecting the immunological 
characteristics of the resulting peptide, and the 

30 definition includes these resulting peptides. In the 
context of the present invention, amino acid additions, 
deletions, and alterations can be made so long as they 
do not negatively affect the ability of the resulting 
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p ptld to licit neutcalizing antib dies against the 

appropriate LH itsel£. 

Also used in the vaccines of the invention ace 

"mul timers" of the bovine, .dog, and human LH which 

5 comprise repeated sequences of the particular LH peptide 

employed. These multimers may consist of multiples of a 

significant portion of the appropriate LH sequence, such 

as, for example, the amino acids represented by residues 

22-85 of the bovine LH 43-115 of dog LH, and 2-111 of 

^0 the human LH, and are head-to-tail ligations of the 

monomer form. Multiples of 2-10 monomers are used. 

Thus bLH , where n is 2-10, designates embodiments 
n 

which contain 2-10 of the peptide representing residues 
22-85 of the bLH sequence, or its functional equivalent; 

^^^Q ^^^n ^^^^^^^^^ corresponding multimers 
of the sequence of amino acids 43-115 of dog LH and 
2-111 of hLH, respectively or their functional 
equivalents. 

Generically, "Hormone^" refers to a monomer 

20 (if n is 1) or mul timer of the appropriate portion of 
any particular hormone. 

"Autoantigen" refers to a protein or portion 
thereof which is normally present in the targeted host, 
at least intermittently, and which .normally does not 

25 elicit an immune response from the host. Such 

autoantigens may ordinarily be made immunogenic only by 
using them as a hapten through conjugation to a suitable 
carrier. The carrier may simply be an extension of the 
amino acid chain; indeed, the extension may simply be 

30 reproduction of the autoantigen in multiple units. The 
immunogenicity presumably results from the unfamiliar 
junction regions in this case. Similarly, 
immunogenicity results from the junction regions when 
the aut antigen is linked t sequences which serve a 
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8 c ndary function, such as pr viding antigenic pitopes 
themselves, or serving carrier functions. On occasion* 
a portion of an immunologically privileged protein may, 
itself be immunogenic. The term **autoantigen" is used. 
5 both to refer to the unaltered protein desired to be 
made immunogenic and to the autoantigen of interest in 
the immunogenic construct. 

"Non- bacterial carrier" refers to a carrier 
protein which confers immunogenicity on an epitope of 

10 the indigenous protein by virtue of enhancing the size 
of the peptide and/or providing junction regions which 
contain amino acid sequences foreign to the host. The 
additional sequence may be any protein of nan-bacterial 
origin, may include viral coat or core proteins, 

15 secreted yeast proteins, such as invertase, which have 
no homologous counterparty, in mammals, and membrane 
bound and secreted proteins from protozoa, such as 
malaria. Particularly useful carrier proteins are those 
derived from influenza hemagglutinin. As used herein, 

20 "derived from" means that the amino acid sequence is the 
same as that for a portion containing at least 10 amino 
acids of the sequence of the source protein, and, of 
course, is not meant to mean physically obtained from 
that protein per se. Useful sequences derived from the 

25 hemagglutinin protein include portions of the antigenic 
regions and of the membrane anchor region of this 
protein. 

"Secondary carrier" refers to a protein which 
is capable of transporting the autoantigen such as CTP 
30 or LH or its multimer to the surface of a cell Infected 
with vaccinia virus containing the DNA encoding both the 
secondary carrier and the CTP or LH or its multimer, or 
of effecting the secretion of CTP or LH or its multimer 
fr m the infect d cell. In this r gard, the vaccinia 
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virus per se is generally referred to herein as a 
"carri r" £or £ r ign sequences included in its genome. 
Thus foreign DNAs additional to the DNA encoding 
autoantigen* such as CTP or LH or its mul timer, may 
5 encode proteins which are secondary carriers for the 
immunogen. As described below, the influenza 
hemagglutinin protein is representative of secondary 
carriers useful in this regard. However, other proteins 
which are known to be transported tp the surface of 

10 infected cells may also be used* Such proteins include 
the neuraminidase peptide of influenza, rabies 
glycoprotein, and herpes simplex virus (HSV) 
glycoprotein D. Signal sequences operable in infected 
cells may be derived from a variety of sources including 

iS preprorenin, preproinsulin, preprorennin, and bacterial 
alkaline phosphatase. An alternate method of secreting 
antigen utilizes the pre-S gene of hepatitis. The gene 
encoding the desired antigen is cloned into the pre-S 
gene, resulting in secretion of the chimeric protein. 

20 which naturally aggregates to form an empty hepatitis 
virus coat (Valenzuela, et al. Vaccines 85: Molecular 
and Chemical Basis of Resistance to Parasitic, 
Bacterial, and Viral Diseases , New York. Cold Spring 
Harbor Press, 1985, pp. 285-290). . 

25 "Operably linked" refers to juxtaposition so 

that the functionality of the elements is preserved. 
Thus, for example, promoters operably linked to coding 
sequences permit their expressions in suitable hosts. 
Signal sequences operably linked to other peptides (or, 

30 at the DNA level, signal sequence encoding DNA operably 
linked to peptide encoding DNAs) permit the secretion of 
the subject peptide from the host cell. 

It should be understood that "derived from"', 
when referring to a DNA s quence or amino acid sequence. 
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indicates a correspond nee in composition to the 
referenced material, and not necessarily actual physical 
derivation therefrom.. For example, a DNA encoding a 
signal sequence which is derived from influenza 
5 hemagglutinin refers to a DNA constructed so as to 

encode a peptide sequence substantially similar to that 
which is found in influenza HA, and that sequence may be 
constructed by, for example, obtaining cDNA from the HA 
protein, by synthetic methods us ing« automated 
^0 oligonucleotide synthesis, or in any other manner 

designed to recreate a coding sequence for' the desired 
peptide. 



F. Preparation of Recombinant Vaccinia 

15 The parameters for effecting the integration of 

foreign DNA* into vaccinia are known in the art and are 
currently in a position for practical utilization. 
Briefly, the desired immunogen is transferred into a 
nonessential portion of the vaccinia genome by 

20 coinfecting host cells with both native vaccinia and a 
carrier plasmid which contains the foreign gene 
sandwiched between sequences homologous with the 
selected nonessential portion of the vaccinia genome. 
In addition, the foreign gene is provided with a 

25 vaccinia promoter, which will permit its expression 
under the influence of the vaccinia transcription and 
translation systems. A general purpose vector capable 
of housing the foreign gene has been disclosed by Moss, 
B. , et al ( Proc Natl Acad Sci (USA) (1933) 80:7155-* 

30 7159). A diagram of this vector, p6S20, and its manner 
of use to obtain a recombinant vaccinia virus containing 
a desired foreign gene is shown is Figure 13. 

p6S20 has a vector fragment derived from 
PBR328, a vect r compatible with E. coli which contains 
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the E, c 11 origin of replication and the amplciUln 
resistance gene. The vector contains the promoter from 
the 7.5 k gene of vaccinia « excised as a 275 bp 
HlncII/Rsal fragment (Venkatsen, et al« Cell (1981) 
5 25:805-813), which is translocated into the EcoRI site 
of the vaccinia thymidine kinase (TK) gene« The TK gene 
is obtained as a Hindlll/Bglll fragment from the Hindlll 
J fragment of vaccinia. Other restriction site 
modifications have been made for convenience « as shown 

10 in Figure 13, and there are BamHI and Smal restriction 
sites immediately downstream of the promoter to permit 
foreign gene cloning. 

Thus, pGS20 is constructed as follows: pBR328 
is digested with EcoRI, blunted, and religated. The 

1^ resulting vector is then digested with Hindlll and 
ligated to the Hindlll J fragment of vaccinia. The 
resulting plasmid is digested with BamHI and Bglll and 
religated, thus eliminating the non-TK sequences, along 
with some unnecessary vector sequences from the Insert, 

20 as well as eliminating the BamHI and Bglll sites. The 
vector is completed by inserting the HincII/Rsal 7.5 kD 
gene promoter fragment into the Smal site of pUC8, 
excising the promoter as an EcoRI/BamHI fragment, and 
ligating it with the isolated EcoRI/Smal/BamHI linker 

25 fragment from pUC8 into EcoRI-digested vaccinia vector . 
Figure 13 also shows the nucleotide sequence in the 
region of the promoter/restriction site fragment 
junction for the CTF multimer embodiment. 

In preparing the vectors of the invention, the 

30 DNA encoding the desired immunogen is inserted into 
pGS20 using the restriction sites downstream of the 
promoter, as shown. The recombination vector is 
amplified in E. coll using transformation to Amp and 
then coinfected along with wild-type vaccinia into CV-1 
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cells. Unlike other large DNA animal viruses r vaccinia 
transcribes and replicates its genom in the cytoplasm 
of infected cells. Many of the enzymes involved in its 
nucleic acid metabolism, such as DNA and ENA 
5 polymerases* enzymes to cap, methylate, and 

polyadenylate RNA, as well as thymidine kinase, are 
encoded in its own genome. Indeed, protein-free 
vaccinia is noninfective — since it encodes its own 
transcriptase and apparently cannot, use the 

10 transcriptase used by its eukaryotic host, it cannot 
synthesize required proteins using its DNA alone in 
combination with the host cell machinery. 

Use of the TK-encoding sequences to effect 
recombination is particularly desirable, as not only is 

15 this a nonessential portion of the vaccinia genome, but 
a selectable marker is provided for cells containing the 
recombined vaccinia — i.e., when the foreign DNA is 
inserted, the TK gene is inactivated, and the tk- 
recombinant viruses can be selected by plaque assay on 

20 tk- cells in the presence of 5-bromodeoxyuridine 

(BUdR). As shown in Figure 13, tk- recombinant virus 

plaques can be selected yielding the desired recombinant 

vaccinia. Additionally, tk- vaccinia have been shown to 
5 6 

be 10 to 10 times less virulent in animals as 
25 compared to wild-type vaccinia, indicating the potential 

for an increased safety factor in humans. 

While p6S20 is a convenient illustrative 

vector, it is understood that alternative constructions 

involving other vaccinia promoters in other nonessential 
30 regions of the gene may be used (Moss, et al. Gene 

Amplification Analysis , Vol. Ill, Pappas, T.K., et al, 

eds. (1982) New York, Elsevier, pp. 201-213; Mackett, 

M., et al, J Virol (1984) ,586-864) , 
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The tec mbined vaccinia can also be 
administered as a killed vaccine. Subject cells in 
tissue culture are infected with vaccinia in vitro , and 
then heat-killed. The attenuated, killed vaccinia are 
then administered with an adjuvant as are conventional 
vaccines. 

G. Alternate Modes of Vaccine Construction and 
Administration 

The autoantigenic constructions of the 
invention need not necessarily be administered as 
vaccinia borne DNA encoding them. They may also be 
produced as proteins using standard means of recombinant 
protein production and adminstered as conventional 
vaccines. The choice of route is dependent • of course, 
on the subject species and on the nature of the antigen. 

Standard means for recombinant expression of 
DNA sequences are set forth below. In addition, the 
pGSZO vectors containing the desired autoantigen 
sequences may be used as expression vectors in vitro by 
using the transient expression which occurs when 
susceptible cells transfected with this vector are 
infected with vaccinia virus. The protein produced may 
be obtained from the cell lysate or, from the 
supernatants, depending on whether construction of the 
vectors results or does not result in secretion. 

If the autoantigens are administered as 
proteins, they are formulated into conventional dosage 
forms as injectables, either as solutions, suspensions, 
emulsions, or solids for reconstitution. Suitable 
excipients include water, saline, dextrose solution, 
glycerol solution. Hank's solution. Ringer's solution, 
and the like. Formulation techniques for protein 
containing vaccines are found in standard reference 
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works such as Reminat a's Pharmacetttrical Sciences . Hack 
Fublishiag Co. Easton. PA, latest edition. Adjuvants 
may also be used, such as aluminum hydroxide, muramyl 
dipeptides. interferon, and immune-stimulating peptide 
S regions. Vehicles can include squaleneraracel mixtures, 
croton oil. or other suitable cotapositions. 

In those instances in which small peptides are 
used as autoantigens. such as. for instance, the 
peptides representing the non*homo logons regions of LH. 

iO these are typically linked to carrier proteins, either 
at the protein or DNA level. Techniques for ligation at 
the DNA level are standard: mediation of the reaction 
using an appropriate ligase is used, as described 
below. At the protein level, a variety of chemistries 

iS can be used, including utilization of commerically 

available linkers such as SPDP and SMCC. The carrier 
protein in this case is an antigenically neutral peptide 
appropriate to the species, such as. for example. BSA 
for use in cattle, or HSA or tetanus toxoid for use in 

20 humans. 

H. Production of Antibodies 

As the vaccines of the invention are successful 
in raising antibodies which recognize epitopes 

25 associated with important regulators of metabolism, they 
prpovide a useful means to obtain components of 
immunoassays for such antigenic species. Also included 
in the invention, therefore, are antibody preparations 
obtained as a result of immunization with the vaccines 

30 provided. The antibody preparations may be obtained 
directly from the antisera as polyclonal preparations, 
or the peripheral blood cells or spleen cells from an 
immunized mammal may be used as fusion partners and 
monoclonal immunoglobulin producing hybridomas 
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btained. F c us in Immunoassay, only th portion f 
the immunoglobulin related to specificity, and the 
invention therefore includes the Fab regions of the 
antibodies produced. 
5 The antibody or Fab portion can be labeled or 

attached to solid support, or otherwise modified as is 
understood in the art in preparation for use in the 
assays. 

10 standard Methods 

1. Vector Construction 

Construction of suitable vectors containing the 
desired coding and control sequences employs standard 

15 ligation and restriction techniques which are well 
understood in the art* Isolated plasmids,, DNA 
sequences, or synthesized oligonucleotides are cleaved, 
tailored, and religated in the form desired. 

Site specific DNA cleavage is performed by 

20 treating with the suitable restriction enzyme (or 

enzymes) under conditions which are generally understood 
in the art, and the particulars of which are specified 
by the manufacturer of these commercially available 
restriction enzymes. See, e.g.. New England Biolabs, 

25 Product Catalog. In general, about 1 iig of plasmid or 
DNA sequence is cleaved by one unit of enzyme in about 
20 111 of buffer solution; in the examples herein, 
typically, an excess of restriction enzyme is used to 
Insure complete digestion of the DNA substrate. 

^0 Incubation times of about one hour to two hours at about 
ly^Q are workable, although variations can be 
tolerated. After each incubation, protein is removed by 
extraction with phenol/chloroform, and may be followed 
by ether xtraction, and the nucleic acid recov red from 
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aqu OU8. fractions by precipitation witli ethanol. I£ 
desired, size separation o£ the cleaved fragments may be 
performed by poLyacylamide gel or agarose gel 
electrophoresis using standard techniques. A general 
5 description of size separations is found in Methods in 
EnzVTnoloav (1980) 65:499-560. 

Restriction cleaved fragments may be blunt 
ended by treating with the large fragment of coli DNA 
polymerase I (Klenov) in the presenpe of the four 
deo3cynucleotide triphosphates (dNTPs) using incubation 
times of about 15 to 25 min at 20 to 25^C in 50 mM Tris 
pH 7.6, 50 mM NaCl, 6 mM MgCl^, 6 mM DTT and 1 mM 
dNTPs. The Klenow fragment fills in at 5 ' sticky ends 
but chews bacle protruding 3'* single strands, even though 

15 the four dNTPs are present. If desired, selective 

repair can be performed by supplying only one of the, or 
' selected, dNTPs within the limitations dictated by the 
nature of the sticky ends. After treatment with Klenow, 
the mixture is extracted with phenol/chloroform and 

20 ethanol precipitated. Treatment under appropriate 
conditions with SI nuclease or mung bean nuclease 
results in hydrolysis of any single-stranded portion. 

Synthetic oligonucleotides are prepared by the 
method of Efimov, V. A., et al t Nucleic Acids Res (1982) 

25 6875-6894), and . can be prepared using commercially 
available automated oligonucleotide synthesizers. 
Kinasing of single strands prior to annealing or for 
labeling is achieved using an excess, e.g., 
approximately 10 units of polynucleotide kinase to 1 

30 nmole substrate in the presence of 50 mM Tris, pH 7.6, 
10 mM MgCl^. 5 mM dithiothreitol, 1-2 mM ATP, l.V 
pmoles y32P-ATP (2.9 mCi/mmole), 0.1 mM spermidine, 
0.1 mM EDTA. 
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Ligati ns are performed in 15-50 ul volum s 
under the following standard conditions and 
temperatures: 20 mM Tris-HCl, pH 7.5, 10 mM HgCl^* 10 
mN DTT« 33 Mq/ml BSA, 10 mM-50 mM NaCl, and either 40 
5 yM ATP, 0.01-0.02 (Welss) units T4 DNA llgase at O^'C 

(for "sticky end" ligation) or 1 mM ATP, 0.3-0.6 (Weiss) 
units T4 DNA ligase at 14<»C (for "blunt end" ligation). 
Intermolecular "sticky end" ligations are usually 
performed at 33-100 ]ig/ml total DNA^ concentrations 

10 (5-100 qM total end concentration). Intermolecular 
blunt end ligations (usually employing a 10-30 fold 
molar excess of linkers) are performed at 1' yM total 
ends concentration; 

In vector constructions employing "vector 

15 fragments", the vector fragment is commonly treated with 

.bacterial alkaline phosphatase (BAP) or calf intestinal 

alkaline phosphatase (CIP) in order to remove the 5* 

phosphate and prevent religation of the vector. 

Digestions are conducted at pH 8 in approximately 150 mM 

+ +2 

20 Tris, in the presence of Na and Hg using about 1 
unit of BAP or CIP per ug of vector at 60"* for about 
one hour. In order to recover the nucleic acid 
fragments, the preparation is extracted with 
phenol/chloroform and ethanol precipitated. 

25 Alternatively, religation can be prevented in vectors 
which have been double digested by additional 
restriction enzyme digestion of the unwanted fragments. 

2. Site-Specific Mutagenesis 
30 For portions of vectors derived from cDNA or 

genomic DNA which require sequence modifications*, site 
specific primer directed mutagenesis is used. This is 
conducted using a primer synthetic oligonucleotide 
complementary to a single stranded phage DNA to be 
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mutag nized xcept tot limited Aismatching, cepreseating 
the desired mutation* Briefly, the synthetic 
oligonucleotide is used as a primer to direct synthesis 
of a strand complementary to the phage, and the 
5 resulting' double-stranded DNA is transformed into a 
phage-supporting host bacterium.. Cultures of the 
transformed bacteria are plated in top agar, permitting 
plaque formation from single cells which harbor the 
phage. 

iO Theoretically, 50% of the new plaques will 

contain the phage having, as a single strand, the 
mutated form; 50% will have the original sequence. The 
resulting plaques are hybridized with kinased synthetic 
primer and then washed at a temperature which permits 

15 hybrids of an exact match to remain, but at which the 
mismatches with the original strand are washed off. 
Plaques which remain hybridized to the probe at the 
stringent wash temperature are then picked, cultured, 
and the DNA recovered. Details of site specific 

20 mutation procedures are described below in specific 
examples. 

For probing, plaques are screened by 
replicating the plaques onto duplicate nitrocellulose 
filter papers (S & S type BA-85) and infected cells are 

25 allowed to grow at 37«C for 14-16 hr on L agar 

containing 15 iig/ml tetracycline. The colonies are 
lysed with 10% SDS and the DNA is fixed to the filter by 
sequential treatment for 5 min with 500 mM NaOH/1,5 M 
NaCl, then 0.5 M Tris HCl(pH 8.0) /I. 5 M NaCl followed by 

30 2 X standard saline citrate (SSC). Filters are air 
dried and baked at SO^'C for 2 hr. 

For synthetic (15-30 mer) oligonucleotide 
probes, the duplicate filters are prehybridized at 42*C 
for 2-8 hr with 10 ml per filter of oligo-hybridization 
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bu£fe£ (6 X SSC« 0.1% SDS, 1 mH EDTA* 5x Denhardt* s* 
0.05% sodium pycophosphate aad 50 u9/nil denatured and 
sheared salmon sperm DNA). 

The samples are hybridized with kinased 
^ oligonucleotide probes of 15-30 nucleotides under 
conditions which depend on the composition of the 
oligonucleotide. Typical conditions employ a 
temperature of 30-42«C for 24-36 hr with 5 ml/filter of 
this same oligo-hybridization buffef containing probe. 

^0 The falters are washed two times for 15 min at 23''C, 
each time with 6 x SSC, 0.1% SDS and 50 mM sodium 
phosphate buffer at pH 7, then are washed once for 2 min 
at the stringent wash temperature with 6 x SSC and 0.1% 
SDS. Typically, the stringent wash temperature for 
oligonuceotides of 16-24 bases with from 1 to 3 
mismatches will be 40-70^C, and can most easily be 
determined by successive washes of the hybridized 
filter. For example, the hybridized filters can be 
washed first at 40**C. then at 50*»C, then at 60^C. and 

20 then at 70*C, with air drying of the filter and 

autoradiography at -70*C overnight between each wash. 

3 . Verification of Construction 

In the constructions set forth below, correct 

25 ligations for plasmid construction are confirmed by 

first transforming E. coli strain MC1061 (Casadaban. M. , 
et al, J Mol Biol (1980) 138:179-207) or other suitable 
host with the ligation mixture- Successful 
transformants are selected by ampicillin, tetracycline 

30 or other antibiotic resistance or using other markers 
depending on the mode of plasmid construction, as is 
understood in the art. Plasmids from the transformants 
are then prepared according to the method of Clewell, D. 
B., et al, Proc Natl Acad Sci (USA) (1969) 62:1159. 
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opti nally £ llowing chloramph ale 1 amplification 
(Clewell, D. B., J Bacteriol (1972) 110:667). The 
isolated DNA is analyzed by restriction and/or sequenced 
by the dideoxy method of Sanger, F., et al, Proc Natl 
5 Acad Sci fUSA) (1977) 74:5463 as further described by 
Messing, et al. Nucleic Acids Res (1981) 9.:309. or by 
the method of Maxam. et al. Methods in Enzvmoloqy (1980) 
65:499. 

« 

4. Hosts Exemplified 

Host strains used in cloning and expression 
herein are as follows: 

For cloning and sequencing, and for expression 
of construction under control of most bacterial 
15 promoters, E. coli strain MC1061 was used. 

For M13 phage recombinants, E. coli strains 
susceptible to phage infection, such as E,- coli strain 
JMlOl are employed. 

For eucaryotic expression, the monkey cell 
20 line, CV-1 is used. 

5. Recombinant Expression Systems 

Both procaryotic and eucaryotic systems may be 
used to express the autoantigen encoding sequences: 

25 procaryotic hosts are, of course, the most convenient 

for cloning procedures. Procaryotes most frequently are 
represented by various strains of E. coli : however, 
other microbial strains may also be us^d. Plasmid 
vectors which contain replication sites, selectable 

30 markers and control sequences derived from a species 

compatible with the host are used: for example, E. coli 
is typically transformed using derivatives of pBR322, a 
plasmid derived from an E. coli species by Bolivar, et 
al. Gene (1977) 2:95. pBR322 contains genes for 
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ampicillin aad t tracyclin resistance, and thus 
provides multiple selectable markers which can be either 
retained or destroyed in constructing the desired 
vector. Commonly used procaryotic control sequences 
^ which are defined herein to include promoters for 

transcription initiation, optionally with an operator, 
along with ribosome binding site sequences, include such 
commonly used promoters as the B-lactamase 
(penicillinase) and lactose (lac) pi^omoter systems 

10 (Chang, et al. Nature (1977) 198:1056) and the 

tryptophan (trp) promoter system (Goeddel, et al Nucleic 
Acids Res (1980) 8,:4057) and the lambda derived 
promoter and N-gene ribosome binding site (Shimatake, et 
al. Nature (1981) 292 :128) . 

15 In addition to bacteria, eucaryotic microbes, 

such as yeast, may also be used as hosts. La.boratory 
strains of Saccharomvces cerevisiae . Baker's yeas-t, are 
most used although a number of other strains or species 
are commonly available. Vectors employing, for example. 

20 the 2 u origin of replication of Broach. J. R., Meth 

Enz (1983) 101 :307.- or other yeast compatible origins of 
replication (see. for example, Stinchcomb, et al. Nature 

(1979) 282 :39, Tschumper, G. . et al. Gene (1980) 10:157 
and Clarke, L, et al, Meth Enz (1983) 101:300) may be 

25 used. Control sequences for yeast vectors include 

promoters for the synthesis of glycolytic enzymes (Hess, 
et al. J Adv Enzyme Reg (1968) 7:149: Holland, et al. 
Biochemistry (1978) 17:4900). Additional promoters 
known in the art include the promoter for 

30 3-phosphoglycerate kinase (Hitzeman. et al, J Biol Chem 

(1980) 255:2073). Other promoters, which have the 

* additional advantage of transcription controlled by 
<rrowth conditions and/or genetic background are the 
promoter regions for alcohol dehydrogenase 2, 
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isocytochrom C, acid phosphatase, degradative enzym s 
associated with nitrogen metabolism, the alpha factor 
system and enzymes responsible for maltose and galactose 
utilization. It is also believed terminator sequences 
are desirable at the 3' end of the coding sequences. - 
Such terminators are found in the 3* untranslated region 
following the coding sequences in yeast-derived genes. 

It is also, of course, possible to express 
genes encoding polypeptides in eucaryotic host cell 
cultures derived from multicellular organisms. See. for 
example. Axel, et al. 4.399.216. These systems have the 
additional advantage of the ability to splice out 
introns and thus can be used directly to express genomic 
fragments. Useful host cell lines include VERO.and HeLa 
cells, and Chinese hamster ovary (CHO) cells. 
Expression vectors for such cells ordinarily include 
promoters and control sequences compatible with - • 
mammalian cells such as. for example, the commonly used 
early and late promoters from Simian Virus 40 (SV 40) 
(Fiers, et al. Nature (1978) 271:113). or other viral 
promoters such as those derived from polyoma. Adenovirus 
2. bovine papilloma virus, or avian sarcoma viruses. 
The controllable promoter. hMTll (Karin. M. . et al. 
Nature (1982) 299:797-802) may also- be used. General 
aspects of mammalian cell host system transformations 
have been described by Axel (supra). It now appears, 
also that "enhancer" regions are important in optimizing 
expression; these are. generally, sequences found 
upstream or downstream of the promoter region in 
non-coding DNA regions. Origins of replication may be 
obtained, if needed, from viral sources. However, 
integration into the chromosome is a common mechanism 
for DNA replication in eucaryotes. 
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Dependiag on the host cell used, transf rmatioa 
is done using standard techniques appropriate to such 
cells. The calcium treatment employing calcium 
chloride, as described by Cohen. S.N.. Proc Natl Acad 

5 Sci (USA) (1972) 19:2110. or the HbCl^ method 

described in Mania tis. et al. Molecular Cloning; a 
Laboratory Manual (1982) Cold Spring Harbor Press, p. 
254 and Hanahan. D.. J Mol Biol (1983) 166:557-580 may 
be used for procaryotes or other cells which contain 

0 substantial cell wall barriers. For mammalian cells 
without such cell walls, the calcium phosphate 
precipitation method of Graham and van der Eb, Virology 
(1978) 52:546. optionally as modified by Wigler. M. . et 
al. Cell (1979) 16:777-785 may be used. Transformations 

5 into yeast may be carried out according to the method of 
Beggs, J.D.. Nature (1978) 275:104-109 or of Hinnen. A., 
et al. Proc Nat l Acad Sci fUSAl (1978) 75.:1929. 

6. Additional cDNAs 

^ Additional constructs can be made talcing 

advantage of homologies between the DNA sequences 
disclosed herein and the corresponding hormones in other 
species. Thus. RNA may be prepared from the- 
corresponding gland, such as the pituitary for LH. in a 

5 previously uninvestigated species, for example, rabbit, 
and a cDNA library prepared and probed. Effective 
techniques for extraction for mENA are known in the art 
and generally employ affinity chromatography with oligo 
dT to obtain polyadenylated messenger RNA. The RNA is 

5 then used to obtain a cDNA library, for example, by 
cloning into the phage vector \gtlO (Hunyh. T.V. . et 

i° DNA Cloning Techn iques, a Practical Approach 
(1984) D. Glover, ed) or into a phage vector library 
capable of expression in bacteria using Xgtll as 
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descrlbed by Young* R.A.'« et al* Proc Natl Acad Sci USA 
(1983) 80:1194. The resulting cDNA can then be pcobed 
with denatured DNA sequences derived from the hormone 
sequences disclosed herein, £or example, bovine LH fi 
^ chain or the dog LH sequence. 



10 



Examples 

The following examples are intended to 
illustrate the invention but not to* limit its scope. 

Example 1 

Construction of Autoantiaen-Encoding Sequences 



A. CTP Multimers 

iS The construction of the desired genes is shown 

in Figure 1. The major portion of the gene is isolated 
as the BstNi/Sau3A fragment encoding amino acids 117-141 
(Flddes, J.C., et al. Nature (1980) 286:684-687). The 
5' end and 3' end of the gene are synthesized chemically 

20 in order to provide desired overhang for polymerization, 
and, if desired, codon alteration. For all of the CTP 
fragments illustrated, the middle portion and C- terminal 
portions are identical; differences, however, occur in 
the upstream segment, depending on whether the native 

25 sequence is used or that altered in the 110 position. 

For each of the three constructs, the three 
pertinent fragments are ligated to obtain the B-hC6 CTP 
monomer and the desired product is isolated using 
polyacrylamide gels. Multimers are obtained by 

30 self-polymerization and separation of the various 

multimers on gels, e.g., the 3-mer (MW = 12 kD) ; 4-mer 

(MW = 16 kD); 6-mer (MW = 24 kD), or larger multimers. 

The desired CTP constructs are blunt-ended 
n 

using Klenow and the appr priate dNTPs and either 
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amplified in E> coli using interiaediate vect rs (Example 
3) before direct recombination into vaccinia r are 
cloned into secondary carrier protein-encoding sequences 
before amplification in E, coli and subsequent 
5 recombination into vaccinia. 

B. GnRH Multimers 

The DNA sequences of the desired genes are 

shown in Figure 2. The double stranded potion encoding 

the monomer is obtained by annealing the two 

complementary strands, which strands are synthesized 

employing standard automated techniques. The monomer is 

isolated on a gel« and confirmed to be of the correct 

size. Multimers are obtained by self -polymerization and 

15 separation of the various multimers on gels« e.g.« the 

S-mer (243 base pairs); 10-mer (303 base pairs); IS-mer 

(453 base pairs), or larger multimers. 

The desired GnRH constructs are blunt-ended 

n 

using Klenow and the appropriate dNTPs and either 
20 amplified in E. coli using interriiediate vectors (Example 
3) before direct recombination into vaccinia or cloned 
into secondary carrier protein-encoding sequences before 
amplification in E. coli and subsequent recombination 
into vaccinia. 

25 

C. LH Multimers 

The complete cDNA sequences encoding the B 
chains of both human luteinizing hormone (hLH) and of 
the bovine counterpart (bLH) are are known (see Figures 
30 3 and 4), and chemical synthesis could therefore be used 
to construct the desired oligonuclotides. However the 
constructions described below utilize portions of such 
length that although direct chemical synthesis is 
possible, it is more convenient to obtain the cDNA 
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encoding them fcom standard Ilbcari s In \gtlO 
prepared from human and bovine pitititary mBNA. The 
libraries are prepared by standard methods using CcoRI 
linkers, and are probed using the S-hCG cDNA insert 
5 removed with Hindlll from the pBR322 cloning vector 

disclosed by Fiddes, J, et al. Nature (supra). (The LH 
and hC6 B peptides are highly homologous.) The cDNA 
inserts are then transferred from the lambda phage 
vectors to the EcoRl site of pBR322«to obtain the 

^0 cloning vectors phLH and pbLH for the human and bovine 
forms of the protein, respectively. 

Similarly, cDNA encoding the B peptides of dog 
LH was obtained from a \gtlO cDNA library prepared 
using dog pituitary mRNA as template. The library was 

IS probed with the same Hindlll HCG B peptide described 

above, and a single clone containing the coding sequence 
from amino acid 18 to the stop codon after amino acid 
121 was retrieved. This clone, in combination with 
another similarly retrieved from the library, permitted 

20 deduction of the entire amino acid sequence for dog B 
LH. as well as the 18 residue signal sequence preceding 
the N-terminal serine residue of the mature protein. 
The complete cDNA sequence encoding the mature protein 
and its signal peptide, along with the deduced amino 

25 acid sequence is shown in Figure 3b. 

The single clone containing the sequence 
encoding amino acids 18-121 was retrieved under 
hybridization conditions which include 30% formamide at 
42"* followed by washing 2 times at 50®C in 2XSSC. The 

30 EcoRl insert in the \gtlO clone was then moved into 
the EcoRI site of pBR322 to obtain the cloning vector 
pdLH for the dog protein. 

In a manner similar to that described above for 
retrieval of d g LH. the cDNA encoding the cat protein 
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is prepared from cat pituitary mRNA and clon d into 
pBR322 t obtain pcLH. 

The multimers are prepared directly in the 
vectors. For the bovine LH, a repeating sequence 
5 encoding amino acids 22-85 is inserted into the full 
length sequence in pbLH by repeatedly inserting the 192 
bp fragment obtained by Haelll digestion of pbLH into 
the Stul site which coincides with the Haelll site at 
the codon for amino acid 22 (see Figure 3). While the 

^0 blunt ended Haelll fragment can be inserted in two 
possible orientations, the correct construction is 
distinguishable by restriction analysis, as it produces 
an EcoRI/StuI digestion fragment 192 bp shorter than the 
incorrect construction. The Haelll fragment insertion 

^5 is repeated for the desired number of (n-1) times. 

resulting in the 22-85 region peptide repeated n times 
(the Stul digested vector provides the additional 
repeat). Preferred values for n are 3-10. 

For the human multimers. the EcoRI insert of 

20 phLH is first transferred to the EcoRI site of M13mp8 
for site specific mutagenesis to provide an Maelll site 
at amino acids 1-2 to complement that already present in 
the cDNA bridging the codons for amino acids 111-112 • 
(Maelll is obtained by the purification procedure of 

25 schmid. K. . et al. Nucleic Acids Res (1985)). 

The primer is CCGTAGGTCACTGGGCGAAGCC as shown in Figure 
4. The single stranded mutagenized phage is then 
hybridized to universal primer, extended with Klenow and 
the four dNTPs (30 minutes at room temperature), and 

30 cleaved with Maelll to obtain the desired fragment 

extending between the new Haelll site at codons 1-2 of 
the mature sequence and the naturally occur ing Haelll 
site at 111-112. This fragment is ligated by self 
polymerization in a mann r analogous to that described 

SUBSTITUTE SHEET 
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foe CTP o£ GoRH above, frame and orieatatioa ace 
maintaiaed in the polymerization. F r c nsist ncy, it 
is considered that these products of polymerization 
contain n-1 repeats. The multimers are then inserted 
5 into the Haelll cleaved phLH to obtain a cloning vector 
having n repeats (the extra repeat being supplied by the 
host vector). Preferred values of n are 3-10. 

The dog multimer is constructed using the cDNA 
region between codon 43 (a Rsal site) and codon 115 (a 

10 Smal site). The multimer is prepared by repeatedly 

inserting the blunt Rsal/Smal fragment into Smal cleaved 
pdLH and its resultants. Insertion of the Rsal/Smal 
fragment into the Smal site of pdLH, when in the correct 
orientation, destroys the Rsal site of the insert and 

15 recreates the Smal site at the 3» end, thus permitting 
the repetitive insertion. The multimerized region can 
then be released by digestion with Rsal/Smal as the only 
Smal site remaining is at the 3' end of the multimerized 
region. The relevant portions of the junction regions 

20 are shown in Figure 3b. As above, preferred values of n 
are 3-10- 

Example 2 
Preparation of Cloning Vectors 
25 Figure 5 shows the construction of the cloning 

vector pVAl derived from pKK223-3 (Brosius. J., et al, 
Proc Natl Acad Sci (USA) (1984) 81:6929-6933). 
Construction of pVA2, derived from pKT19 and pKT41 
(Talmadge, K., et al. Gene (1980) 12:235-241), is also 
30 shown in Figure 5. 

Both constructions result in vectors which 
contain as an insert the synthetic nucleotide shown 
below: 
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Ncol 

BamHI Ball Ndel Smal 
TGGATCCATGGCCAGGCATATGATTGATTGACCCGGG 
ACGTAC CTAGGTACCGGTCCQTA TACTA ACT AACTG GGCC CTTAA 
5 No PstI ter tec ter EcoRI 

This sequence, designated herein the NoPst/R 
oligomec, contains termination codons in all three 

10 possible reading frames, as well as convenient 

restriction Ncol. Ndel. and Ball sites for insertion of 
coding sequences. It also includes BamHI and Smal sites 
at either end suitable for insertion into the pGS20 
intermediate vector for vaccinia recombination. 

15 In the constructions described, .the NoPst/R 

oligomer is inserted into suitable host carrier 
vectors. The resulting cloning vectors ideally should 
lack Ndel and Ball sites to permit those contained in 
the NoPst/R oligomer to be used uniquely for subsequent 

20 insertion of the desired coding sequences: as Ball is a 
troublesome enzyme, the alternate upstream sites in the 
NoPst/R insert, the Ncol and BamHI sites, can be used in 
its place. The cloning vector also must carry markers, 
such as those conferring antibiotic resistance, as well 

25 as, preferably, a high copy number origin of 

replication. Two such vectors were constructed, pVAl, 

which fits the foregoing criteria but contains a Hindi 

R 

restriction site in the Amp gene, and pVA2, which 
which contains an intact Tet gene and has no Hindi 
30 or PvuII site, which sites are needed to be absent, as 
will be seen below, for certain manipulations of an 
inserted HA. Thus, initial cloning may be done in pVAl, 
but for constructions which require the use of Hindi 
and Pvull sites, the HA gene must be moved into pVA2. 
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C nstructlog of pVAl 

Refeccing to Figure 5, pKK223-3 is first 
treated to remove unneeded DNA sequences and to remove 
an extraneous PvuII site- pKK223-3 is digested with 
EcoRI and PvuII, blunt-ended with Klenow, and then 
religated to generate pALl, a 2.6 kb plasmid with the 
required origin of replication and the Amp gene« 
pALl is then treated with EcoRI and PstI and ligated to 
the NoPst/R oligomer to obtain pVAU 



Construction of pVA2 

Referring to Figure 5. to prepare pVA2, pKT19 
and pKT41 were digested with EcoRI and SphI, and the 
small pKT19 fragment isolated from a polyacrylamide gel 

15 was ligated to the large pKT41 fragment, also isolated 
from a 1% agarose gel. to obtain pKT1941. . . pKT1941 was 
digested with PvuII, ligated to a Kpnl linker, cleaved 
with Kpnl, and the religated to eliminate the PvuII 
site, creating pKT1941.1. The Ball andNdel sites 

20 present in pKT1941.1 were eliminated in a two step 
procedure, the first step comprising digestion with 
Ndel, blunting with Klenow, ligating to Kpnl linker, and 
religation of the plasmid; the second step analogously 
comprising digestion with Ball, ligating to Kpnl linker, 

25 and religation to obtain pkT1941.3. This vector was 

digested with EcoRI and PstI and ligated with a tenfold 
molar excess of the synthetic fragment above to obtain 
pVA2. 

30 Example 3 

Preparation of Intermediate Vectors for 

Intracellular Expression of Multimers 
Intermediate vectors carrying the multimeric 
genes prepared above for intracellular expression when 
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cecombined into vaccinia are prepared by inserting the 
desired multimeric genes into the pVAL or pVA2 vectors 
of Example 2. pVAL or pVA2 is cleaved with Ncol and 
Ndel and blunt-ended with Klenow and the four dNTPs: the 
5 multimer-encoding sequences are correspondingly blunt- 
ended and ligated into the cleaved vector. 

For the multimer of OTP. the synthetic 
polymerized multimers described in Example lA are 
blunted and ligated into the Ncol (repair) /Ndel (repair) 
10 digested vectors. The resulting intermediate vectors, 
pVAl/CTP and pVA2/CTP^. where n is the number of 
monomer ic genes, are used as a source for the CTP^ 
sequences in preparing recombinant vaccinia, as set 
forth below, 

15 For the multimers of GnRH. self -polymerized, 

blunted GnRH DNA sequences of Example IB are inser.ted 
analogously to obtain pVAl/GnRH^ and pVA2/GnRH^. 

For the multimers of the LH gene portions, 
suitable forms of the multimers can be inserted into the 

20 Ncol (blunt) /Ndel (blunt) vectors to provide, for example, 

pVAl/hLH and pVA2/bLH * However, in both cases, a 

n n 
properly placed Ncol site is needed, as shown in Figures 

3 and 4, to place the upstream portion in reading frame 

with the start codon provided by the repaired Ncol from 

25 the vector. The. multimer inserts are therefore removed 
from pbLH and phLH multimer-containing vectors by EcoRI 
digestion and placed into the EcoRI site of M13mp8 for 
site specific mutagenesis, the replicative forms 
obtained, and the NcoI( single strand 

30 removed) /EcoRI (blunt) fragments removed for insertion 
into pVAl or pVA2. 

The above vectors can be referred to 
generically as pVA/Hormone. The hormone monomers or 
multimers, preceded by an ATG start codon obtained by 
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cepair f the Nc I site and termiaated by the 
termination codons provided in the NoPst/R fragment are 
transferred to pGS20 as a BamHI/Smal fragment. 
Transient recombinant expression may be obtained u.sing 
5 cells transfected with the pGS20 derivative and infected 
with vaccinia, or the vaccinia recombinants from these 
cells may be used directly as vaccines. In addition* 
the monomer or multimer hormone fragments may be ligated 
into vectors carrying the coding sequences for other 
10 proteins, as described below. 

Example 4 

Preparation of Derivative Vectors Containing HA 
Three HA-containing vectors were prepared. 

iS pHAl is used for insertion of the multimeric sequences 
into the mutagenized antigenic sites of the HA gene. As 
described below, it is provided with blunt end-resulting 
cleavage sites in the antigenic regions by site directed 
mutagenesis. In the constructions for 6nRH and CTP. 

20 which are described in detail, these sites are located 
between codons. so that the reading frame for these 
multimers, which also terminates at codon boundaries, is 
maintained. pHA2 permits insertion using native 
restriction sites to ligate these multimers to the 

25 membrane anchor and signal sequences, the restriction 
sites also provide blunt-end termination at codon 
boundaries. pHA3 permits use of the EcoRI sites in the 
HA gene for ligation of the LH sequences, which have an 
extra bp beyond the codon boundary at either end. 

30 The construction of pHAl and pHA2 is shown in 

Figure 6. The HA gene from pSVL-HA8 or pSVE-HA3 * 
(Gething. M.J.. Nature (1981) 293:620-625) was excised 
using Hindlll/BamHI digestion. The resulting fragment 
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coataine the entire geae. A map £ the HA gene is sh wn 
in Figure 7. 

As shown in Figure 6, the HA gene fragment was 
ligated into Hindlll/Bglll digested pW6. a modified 
5 pBR322 Which retains Amp , but which coatains a linker 
providing the desired restriction sites in the region of 
the deleted Tet resistance gene. (To prepare pH6. 
pBR322 wais digested with EcoRI and Nrul and ligated with 
an ficoRI/blunt synthetic oligonucleotide, designated 

10 herein R/NoNru. and shown in the Figure, which contains 
BamHI. Hindlll. Bglll, and Smal sites.) The pHAl vector 
therefore contains the entire HA gene framed by BamHI 
and Smal sites. 

Because the remaining backbone fragment 

15 containing the Amp gene from pBR322 contains unwanted 
restriction sites, it can be replaced by BamHI/Ndel 
digested pVA2- THe HA gene from pHAl is excised as a 
.BamHI/Ndel fragment, which contains all of the gene 
except the codon 611 and the stop codon; the stop codon 

20 la pHA2 is provided by the downstream portion of the 
NoPst/R oligomer of pVA2. 

The pHA3 vector is prepared from pHA2 by 
disgesting with EcoRI, blunting, and religating to 
eliminate the EcoRI site of the linker before insertion 

25 of the HA gene as above. 

The pHAl cloning vector containing the HA gene 
can be conveniently modified to receive the in-frame 
multimer fragments by creating the restriction sites 
shown below, except for the Hpal site, in the A and B 

30 antigenic regions. pHA2 can be modified to provide the 
Hpal site. This is accomplished through site-specific 
mutagenesis using the site-specific primers: 
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5 ' -GTGTCTGGTAGGCCTTCATTTTTC-3 • , which provides 
a StuI site betveea codons 139 and 140 in the A 
antigenic regions, as shown (HA/Stu); 

5 • -GCGCGGTGTCGCGAAATCCATCAT-3 • , which provides 
^ an Nrul site between codons 137 and 138 of the A 
antigenic region (HA/Nru); 

5 • -TCTGGCTGGTTAACGAAGGATC-3 • , which provides a 
Hpal site between codons 150 and 151 in the B antigenic 
region; and « 
10 5'-TCCCATTGATATCACAGAACA2VA-3» . which creates an 

ScoEV site between codons 182 and 183 of the B antigenic 
region (HA/RV). 

The mutagenesis is conducted by excising the 
BamHI/Smal insert from pHAl or pHA2, ligating the insert 
15 into BamHI/Smal-digested M13mp8 for the mutagenesis, 
then religating the altered phage inserts into the 
original vectors. 

The exemplified restriction sites above are 
designed to provide for in-frame insertion of the CTP 
20 and GnELH multimers prepared as described herein. 

Alternate, analogous sites are required for insertion of 
the LH sequences described which are excised as 
fragments in different reading frames. 

2S Example 5 

Preparation of HA/Multimer Constructs 
• pHA/Nru, pHA/Stu. pHA/Hpa, and pHA/RV are 
digested with Nrul. StuI. Hpal. and EcoRV respectively 
(all provide blunt-ended cleavage fragments) and ligated 

30 with the both the monomer and multimer blunted gene 
fragments of CTP or GnRH prepared in Example 1. As 
shown in Figure 8. these inserts are in correct reading 
frame with the HA coding sequence, since the enzymes 
digest between codons, and the vectors thus contain 
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chimeric genes with the desired hormone derived epitopes 

encoded into the antigenic regions of HA. The vectors 

are designated, for example, pCTP^/HA/Stu, 

pGnBH /HA/Nru, or phCTP /HA/Hpa or generically. 
n n 
5 pHormone/HA/site. (It will be recalled that these 

particular restriction sites are not suitable for the 

illustrated LH multimers.) As the HA proteins are 

carried to the surface of the infected cell, expression 

of the chimeras recombined into vaccinia results in 

iO exposure of these epitopes at cell surfaces. 



Example 6 

Preparation of Intermediate Vectors Carrying 
Chimeras Between HA Signal Sequence and Membrane Anchor 

15 An alternative approach to providing chimeras 

for cell surface proteins uses the HA signal and 
membrane anchor. The resulting expressed proteins are. 
like those of Example 5. carried to the surface of the 
infected cells and presented for immunogenic response. 

20 Referring to Figures 7 and 9. the HA gene insert has 4 
blunt-end generating Hindi (Sail) restriction site 
between codons 16 and 17 and a blunt-end generating 
PvuII restriction site between codons 450 and 451. 
Cleavage of the HA gene with Hindi (Sail) and PvuII 

25 excises the major portion of the HA protein and permits 
insertion of the hormone derived monomer and multimers 
between the signal sequence and the membrane anchor. 
The HA gene as inserted into pHA2 or pHA3 is used, as 
this vector does not contain interfering restriction 

30 sites. 

The preparation of the analogous vectors 
containing the LH sequences is as follows. For bovine 
LH. pHA3 is digested with EcoRI which cuts at codons 
226-227 and 394-395 of the HA gene and upon blunting 
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leaves a two base pair exteasioa beyoad the codoa 
boundary at eithec end. The bovine LH sequence 
containing, if desired, the multimecic forms is digested 
vith Ddel which cuts between codons 18 and 19 and 
5 between 86 and 87 as shown in Figure 3 and which leaves 
an additional base pair extending beyond the codon 
boundary at either end. Therefore, ligation of the bLH 
sequences into the vector prepared as above places the 
bLH coding sequences into reading frame with those of 

10 the HA gene. 

In a similar manner. pHA2 is digested with 
Hindi (see Figure 7) which cleaves between codons 16 
and 17 at the codon boundary and in codon 208 to leave 
one base pair extending beyond the codon boundary of 

^5 codon 209. This permits ligation of the human monomer ic 
or multimeric 6LH DNA which is excised from the cloning 
vector by digestion with Ncol and StuI to obtain -the 
portion spanning codon 1 through all but the last base 
pair of codon 115. This places the human BLH cDNA in 

20 reading frame with the HA sequences. 

For dog Q LH, the multimerized fragment from 
the pBR322 based vector of Example I is removed as a 
Rsal/Smal blunted fragment and ligated into pHA2, which 
has been digested with Sail, blunted and then digested 

25 with Hindi. The relevant junction regions are: 



16 II 43 115 43 115 211 

QTC GA liA^GA GTC CC A CGA C TC CC l A ACC 

HA blunt Sail II Rsa Rsa-Sma nnltimer Sma tIHA Hindi site #2 

30 

Correct ligations are confirmed by restriction 
analysis. The desired immunogens are inserted in 
correct reading frame between the signal and membrane 
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anchoc la a series of vectors designated pCTP /HAMB. 

a 

phLH /HAMB« etc« or generically, pHormone/Hl^. 

Example 7 

5 Preparation of Intermediate Vectors Providing 

Chimeras for Secretion of Hormone 
Immunogen Using HA Signal 
Vectors providing for secretion may be 
constructed in three ways. First, the vectors 

10 constructed in Example 5, which contain hormone antigen 
in the antigenic regions of the HA carrier (Stu, Nru, 
Hpa. rV) can be further modified to delete the membrane 
anchor portion of the HA protein by using site-specific 
mutagenesis for deletion of the codons downstream of 

15 codon 514. Second, an Ndel/PvuII fragment between 
codons 451 and 510 may be deleted using restriction 
cleayage and religation for those vectors derived from 
pHA2- Third, a portion of HA lacking the membrane 
anchor can be used. 

20 In the first approach, illustrated in Figure 

10a, the entire coding sequence from pHormone/HA/Stu or 
the analogous Nru, Hpa, or RV vectors is excised as a 
BamHI/Smal fragment and ligated into Smal/BamHI-digested 
M13 for mutagenesis using the primer 

25 

5 * -GGGGTAAAATTGAGCTGATTGATTGACCCG-3 ' , 

which deletes the membrane anchor portion downstream of 
codon 504 as shown. The altered fragment is then 
30 religated into the large fragment obtained from 

BamHI/Smal digestion of, for example, the starting, 
unaltered vector, pHA2. The resulting vectors are 
designated, generically, pHormone/HA_^^/site. 
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In the second approach, shown In Figure 10b« 
vectors containing the monomer or multimer derived from 
pHA2 in Example 5. e.g. pCTP/HA/Stu or pGnRH/HA/RV, may 
be digested with PvuII and PstI to delete the desired 
5 region. The 3' overhang created by Ndel digestion is 
treated with Klenow in the presence of dCTP and the 
vectors are religated. Nucleotides 1601-1729 (Gething, 
et al. Nature (1980), supra) are deleted, fusing codon 
450 to the last nucleotide of codon« 511, and the 

10 translation proceeds in a new reading frame for another 
8 codons and is then terminated by the third stop codon 
in the cloning vector. These vectors are designated, 
generically, pHormone/HA^g^/site. 

Still another anchor-minus vector is 

i5 constructed from an anchor-minus form of the HA gene 
from PSVEH20-A (Gething, M.J., et al,- Nature (1982) 
300 :598-603) as the carrier protein, as shown in Figure 
10c. The HA minus anchor portion is obtained as a 
BamHI/Ndel fragment for insertion into pVA2 by 

20 converting the downstream BamHI site in this partial 
gene to Ndel. This is accomplished by digesting 
PSVEHA20 with BamHI, treating with Klenow and the four 
dNTPs, and ligation to an Ndel linker. Subsequent 
• digestion with Ball and Ndel provides the appropriate 

25 Ball/Ndel fragment for insertion into pVAl, to obtain 

pVAl/HA^^^ , . pVAl/HA^-_ . is subsequently 
450'-A- 450-A- 

modified by mutagenesis to accommodate the desired 
Hormone at the antigenic sites in a manner precisely 
analogous to that described for pVAl/HA in Example 5. 

30 

Example 8 

Other Intermediate Vectors with Signal Sequences 
The signal sequences from other proteins may 
also be used to construct intermediate vectors so that 
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the ultionat cecombinant vaccinia carrier will express 
hormone derived antigen as a secreted protein. 

In one such construction* a synthetic gene 
encoding the bacterial alkaline phosphatase (BAP) signal 
5 sequence may be used. The construction o£ intermediate 
vectors carrying this sequence operably linked to 
mul timer is shown in Figure 11. 

The gene is synthesized using conventional 
techniques by construction of a series of complementary 

10 oligomers which hybridize to display compatible 

restriction sites. (ol5-o20) as illustrated in Figure 
11. The synthetic gene fragment having a partial Ncol 
5* overhang and Hindlll 3* overhang is ligated into a 
host vector, pSSl. which has been digested with Ncol and 

i5 Hindlll. pSSl is a pBR322 derivative in which the 

synthetic oligonucleotides ol3 and ol4 shown in Figure 
11 are ligated into the BamHI/EcoRI vector fragment of 
pBR322 to create a series of convenient restriction 
sites. The resulting vector. pSS2, is digested with 

20 Hindlll and blunt-ended with Klenow. and then ligated to 
blunt-ended hormone derived fragments using a tenfold 
molar excess of the insert. The resulting vectors. 
pHormone/BAP, then contain the hormone antigen in 
reading frame with the BAP signal sequence and 
terminated with a reading frame in-frame stop codon and 
bounded by Smal and BamHI sites provided by the oligomer 
fragment which had been inserted in pBR322. These 
intermediate vectors. pHormone/BAP. are then used as 
sources of the BamHI/Smal insert for transfer into 

30 vaccinia. 

The preprorenin signal sequence linked to the 
hormone antigen fragment may also be used. This 
construction is shown in Figure 12. AS shown, the pSSl 
is digested with Hindlll. blunted with Klenow. and 
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phenol extract d, digest d with Ncol, and the vector 
fragment isolated. The blunted hormone antigen is 
ligated to the vector fragment along with the renin 
signal sequence. The renin signal sequence is obtained 
5 as an Ncol/Rsal signal sequence-bearing fragment excised 
from pPP14. (pPP14 is extensively described in U.S. 
Serial No. 719,414. filed 3 April 1985, assigned to the 
same assignee and incorporated herein by reference; 
pPP14 carries the preprorenin cDNA insert). The 
ligation products are the pHormone/ renin series, where 
the renin signal sequence is placed immediately upstream 
of the hormone antigen encoding gene, and the vector 
donates an in-frame stop codon (and two unimportant 
extra amino acids) immediately downstream of the hormone 
15 gene. 

Example 9 

Preparation of Vaccinia Recombinants 
All of the intermediate vectors whose 
preparation has been described in Examples 3, 5-7, and 8 
contain hormone antigen bearing cassettes which can be 
excised as BamHl/Smal fragments for insertion into p6S20 
by digesting the intermediate vectors with BamHI and 
Smal, isolating the excised fragments on gels, and 
treating BamHl/Smal-digested pGS20 with a tenfold molar 
excess of the isolated fragment. The resulting pGS20 
derivatives contain the hormone antigen cassette in 
operable linkage to the vaccinia promoter and bounded by 
the portions of the TK gene, as shown in Figure 13. 

These recombinant vectors are transfected into 
cells infected with wild-type vaccinia virus, which was 
purchased from Wyeth Laboratories, Inc. (Marietta, PA) 
and plaque purified twice in CV-1 cells. A small 
aliquot of virus stock (0.1 ml) is diluted with an equal 
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volume of ttypsln (0.25 mg/ml) and incubated for 30 min 

at 37*C with vortexing, followed by sonication to 

disperse any cell clumps. The virus is diluted to a 

4 

concentration of 5 x 10 plaque-forming units per ml 
5 in phosphate-buffered saline (PBS) containing 0.2% 

bovine serum albumin (BSA) and penicillin/steptomycin. 
CV-1 cells are infected in monolayers on 60 mm plates 
with 1 ml vaccinia virus to give a multiplicity of 
infection of 0.05 pfu/cell. The virus inoculum is 

10 incubated on the cells for 2 hr at 37*»C with rocking. 

The DNA for transformation is prepared as 
described in Graham, et al. Virology (1973) 52:456; 
Stow^ et al. J Gen Virol (1976) 33:447; and Frost, et 
al. Virology (1978) 91:39. Briefly. 5-10 ug of 

15 plasmid (pGS20 derivative) DNA, and 1-2 iig wild-type 
vaccinia virus DNA are added to 1 ml to Hepes-buf f ered 
saline (0.14 molar NaCl, 5 mM KCl, 1 mM Na phosphate, 
0.1% dextrose, 20 mM Hepes, pH 7.05), and 50 ul of 2.5 
molar CaCl^ is added. The solutions are mixed and 

20 left at room temperature for 30 min. and the desired 
precipitate of DNA forms in this time. 

The virus inoculum is aspirated from the CV-1 
cell layers, and 1 ml of the DNA precipitate is 
substituted and the layers left at room temperature for 

25 30 min, after which 9 ml prewarmed Eaglets MEM 

containing 8% FBS is added. The layers are incubated 
for 3.5 hr at 37**C, before aspirating off the medium and 
replacing it with 10 ml fresh Eagle's MEK containing 8% 
FBS. The monolayers are then left at 37**C for 2 days, 

30 resulting in the devlopment of vaccinia cytopathic 

effects. The cells and virus are harvested by scraping, 
spun down, and resuspended in 0.5 ml Eagle's MEM and' 
frozen at -20**C. 
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The resuspended virus/cell pellets are 
freeze-thaved three times by freezing the cells at -20®C 
for 30 minutes and quickly thawing them at 37^C« 
followed by sonication for one minute to disperse the 
5 virus/cell clumps. The resulting crude virus stock is 
then inoculated in serial 10-fold dilutions onto 143 
cells (Mackett, M, , et al, J Virol (1984) 49:857-864), a 
human tk- cell line. After two hours at the 143 

monolayers are then overlaid with 1% agarose containing 

10 1 X modified Eagle* s medium, 5% fetal bovine serum, and 
25 ug/nil 5-bromodeoxyuridine (BUdR) ; After incubation 
for two days at 37*>C, BUdR- resistant plaques are picked 
and grown for 48 hours at 37^C in 24 well plates of 143 
cell monolayers in the presence of 25 y.g/nil BUdK. 

^5 Virus is harvested and assayed for the presence 

of the hormone antigen gene by DNA-DNA dot blot 
hybridization, as follows: cells are scraped from the 
dish into an Eppendorf centrifuge tube, centrifuged for 

1 minute, and the cell pellet resuspended in 0.2 ml 
20 PBS. After f reeze-thawing 3 times and sonicating as 

described above, the sonicate is applied to a 
nitrocellulose filter and air dried. A wild-type virus 
control is also spotted onto the same filter. The 
filter is then placed on paper soaked in (1) 0.5 M UaOH, 
25 (2) 1 M Tris-HCl, pH 7.5. and (3) 2 x SSC, for 5 minutes 
each. The filter is then baked at 80°C under vacuum for 

2 hours. The baked filter is prehybridized for 1 hour 
at 42*»C in 5 ml 50% formamide, 4 x SSC, 5 x Denhardt's 
solution, and 0.1 mg/ml sheared and boiled salmon sperm 

30 DNA. The filter is then hybridized overnight at 42**C to 

7 32 ' 

2 X 10 cpm of P-labeled probe containing the 

desired hormone, for example, the hC6 CTP gene probed in 

5 ml prehybridization buffer with 10 mg/ml dextran 

sulfate added. The probe is pr pared by isolating 5 
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ug of hCG CTP gene insert from one o£ the hC6 CTP gene 
intermediate vectors and nick translating the DNA using 
a conuaercially available nick translation kit* The 
filter is then washed twice for 30 minutes in 0.5 x SSC« 
5 0.1% SDS, air dried, and autoradiographed overnight at 
-70«C. 

Virus containing desired hormone gene inserts 
are infected onto monolayers of 143 cells and left until 
- a confluent cytopathic effect is obitained. The culture 
^0 medium is then aspirated off and the cells lysed in 1% 
SDS. 0.1 M fi-mercaptoethanol« 50 mH Tris-HCl. pH 7.8*. 
The lysate is made 0.5 mg/ml in proteinase incubated 
4 hours at 37''C, phenol extracted, ethanol precipitated, 
and analyzed by restriction enzyme analysis to show that 
1^ the vaccinia genomes contain the desired genes. 

Example 10 
Bioassay 

Rabbits are used as subjects to assess the 

20 ability of the recombinant vaccinia to raise titers of 

neutralizing anti-hormone antibodies in serum. The 

following describes the procedure for CTP encoding 

vaccines; however, other hormones can be assayed using, 

for example, GnRH, LH, or FSH in place of CTP. The 

25 procedure is analogous, but the antigen component in 

each assay is the appropriate hormone. 

Pairs of rabbits are inoculated with wild-type 

or recombinant virus by intradermal injection of 1-2 x 
8 

10 plaque-forming units distributed in 2-3 sites on 
3^ the back. Rabbits are bled from their ears at days Or 
14, 28, and sera tested for the presence of anti-hC6 
neutralizing antibodies in a radioligand receptor assay 
as follows. 
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Commercially availabl hC6 is iodinated ia a 

100 111 reaction by the chlocamine T mettxod of 

Greenwood* F^C, et al f J Biochem (1963) £9:114-123) in 

a 100 111 reaction mixture containing 5 u9 bC6« 1 mCi 
c 125 

^ Na l« 0.1 ug chloramine and 0.1 H NaPO^, pH 

7.5. The mixture is incubated at room temperature for 

10 minutes and the reaction stopped with the addition of 

0.1 ug sodium metabisulf ite. Purification of 
125 

I-hCG is performed by reverse-phase HPLC on a C^g 
1^0 column. 

The interstitial cells of rat testis are 

homogenized in phosphate-buffered saline (PBS) as 

described in Catt. K.J.. et ai ( J Clin Endocrinol Metab 

(1974) 34:123-127). The homogenate is centrifuged at 

^5 1500 g for 50 min and the pellet resuspended in 10 ml 

PBS per testis. A saturation binding curve is performed 

by incubating 100 iil of testis homgenate* 50 iil of 
i25 

tracer I -hCG (20,000 cpm) in PBS-bovine gamma 
globulin (1 mg/ml), and 100 ul of hCG at various 

20 concentrations 0.1 to 100 ng/ml in preimmune serum« 
including a no-hCG control. After incubation at 24^0 
for 18 hours, the receptor-bound tracer is quantified by 
filtration through albumin-soaked 0.45 u cellulose 
membranes and counted in a Beckman -Gamma 5000 gamma 

25 counter. The concentration of hCG that results in 80% 

binding to the testis homogenate is then used with the 

labeled tracer in subsequent assays. Sera are tested 

for neutralizing activity by incubation with 100 iil 

125 

testis homogenate, 50 ul of tracer I -hCG (20,000 
30 cpm) in PBS-bovine gamma globulin (1 mg/ml), 50 ]il of 
hCG at the concentration determined in the saturation 
binding assay above, and 50 iil of sera diluted from * 
1:10 to 1:5000, including a no-serum control. The 
samples are then incubated, and bound trac r isolated 
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and counted* exactly as -described £o£ the saturation 
binding assay above. 

The titer of neutralizing activity is the 
dilution o£ serum that- inhibits 50% of the binding in 
5 this assay. The titer of sera from animals that have 
low-level immunoneutralization responses will be 1:5 to 
1:50« moderate responders will have sera with titers of 
1:50 to 1:250, and strong responders will have sera with 
titers of greater than 1:1000. Recombinant vaccinia 

10 directing the expression of intracellular hCG antigens 
are more likely to produce low responses, and various 
secreted and membrane-bound antigens are more likely to 
produce moderate and strong responses. An alternate 
assay based on the change in weight of rat uterus can 

^5 also be used. 

The recombinant vaccinia which produce moderate 
to strong immunoneutralization responses in rabbits or 
show positive responses in the rat uterus weight assay 
will be tested for fertility control in baboons or 

20 rhesus monkeys. In general, the recombinant viruses 
that produce strong responses in rabbits will confer 
protection for longer periods of time, up to 3-5 years 
or more in humans, and the recombinant viruses that 
produce moderate responses in rabbits will protect fo'r a 

25 shorter period of time, from 6 months to 3 years in 
humans . 

Example 11 
Preparation of Peptide Vaccines 
30 The coding sequences for the autoantigens 

described above may also be expressed using conventional 
recombinant techniques, and the resulting peptides used 
as conventional vaccines. In one approach, the 
constructions in pGS20 which have been described in 
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detail can b transiently expr ssed in CV-1 monkey cells 
using vaccinia virus co infection, in the procedure of 
Cochran, M.A. . et al. Proc Natl Acad Sci USA (1985) 
82:19-23, Briefly, the CV-1 cells are infected with 
5 vaccinia at a moi of 30, and then transfected using 
calcium phosphate precipitation with the 
autoantigen-containing pGS20. The cells are harvested 
12-48 hours after transf ection, and the autoantigen 
recovered. If the autoantigen is membrane bound, the 

iO cells are solubilized; if sereted, the autoantigen is 
recovered from the medium. 

In alternate approaches, the coding sequences 
for the hormones, either as multimers, fusion proteins 
with secondary carrier, or combinations thereof « are 

15 placed under control of conventional control sequences 
in expression vectors. For procaryotic expression, a 
particularly useful host vector is pKT52. pKT52 
contains the "trc" promoter followed by an AT6 and is 
constructed as follows below. The "trc" promoter 

20 contains the upstream portions of the trp promoter and 
the downstream, operator-containing, regions of the lac 
promoter. 

To prepare pKT52, pKK233-2 (Amann, E., et al. 
Gene (1985) 40:183-190) was digested with EcoRI and 
25 PvuII,- filled in with dATP and dTTP, and religated to 
obtain the correct construction pKT52. 

pKT52 contains the desired trc promoter, a 
downstream AT6 start codon, and downstream Ncol, PstI 
and Hindi I I sites. The autoantigen containing cassette 
3^ can be excised from any of the vectors set forth above 
and inserted into Ncol/Hindlll digested pKT52. 

For eucaryotic expression, a useful host vector 
is pHT, which contains a convenient EcoEI site, and its 
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celat d V ctor pMT-Apo. These vectors ar constructed 
as follows. 

The host vector. pHT contains the 
metallothionein II (hHTII) control sequences, as 
5 described by Karin, H.. et al. Nature (1982) 

299 :797-802. It is Obtained by ligating the promoter 
into pUC8 as follows. 

Plasmid 84H (Karin. M* . et al (supra)) which 
carries the hMTII gene was digested« to completion with 

10 BamHI. treated with exonuclease Bal-31 to remove 

terminal nucleotides, and then digested with Hindu I to 
liberate an 840 bp fragment containing nucleotides -765 
to +70 of the hMTII gene (nucleotide +1 is the first 
nucleotide transcribed). The 840 bp fragment was 
isolated and ligated with Hindlll/HincII digested pUC8 
(Vieira. J., et al. Gene (1982) 19:259-268) and the 
ligation mixture transformed into E. coli MC1061. The 
correct construction of pMT was confirmed by dideoxy 
nucleotide sequencing. 

20 In addition, a derivative of the pMT. pMT-Apo. 

containing C-terminal regulatory signals was also 
prepared. pMT-Apo harbors a portion of the human liver 
protein ApoA^ gene (Shoulders. C. C. et al. Nucleic 
Acids Res (1983) 11:2827-2837) which contains the 

25 3 '-terminal regulatory signals. A Pstl/PstI 2.2 kb 
fragment of ApoA^ gene (blunt ended) was cloned into 
the Smal site of the pMT polylinker region, and the 

majority of the ApoA^ gene removed by digestion with 
BamHI. blunt ending with Klenow. digestion with Stul. 
30 and religation. The resulting vector contains roughly 
500 bp of the ApoA^ gene from the 3* terminus as 
confirmed by dideoxy-sequence analysis. The autoantigen 
is inserted as an NcoI/EcoRI fragment. 
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Example 12 

Antigenicity of Recombinantlv Produced Peptides 
Intermediate vectors containing multiniers of 2 
copies of serlio CTP, 2 copies of desIIO CTP. or 3 
5 copies of GnRH between the Hindi and PvuII sites of the 
HA gene of pHA2 were constructed using the appropriate 
multimer as described in Example 6« to give 

pCTP.(serllO)/HAMB, pCTP (nollO)/HAMB. and 

2 ^ 

pGnRH^/HAMB. respectively. The BamHI/Smal fragments 

iO containing the coding sequences for amino acids 1-16 and 

451-551 of the HA gene bracketing the specified 

multimers were transferred to p6S20 as described above, 

and the resulting pGS20/Carrier/Hormone vectors 

transformed into vaccinia infected CV-l cells as in 

35 

i^ Example 11. The proteins were labeled with S 

methionine, recovered from the cell surfaces, and a 
portion of them immuhoprecipitated with polyclonal sera 
raised against hCG or GnRH as appropriate* The labeled 
proteins and their immunoprecipitates were analyzed on a 

20 12.5% Laemmli gel. and the results are shown in Figure 
14. 

Lanes 1 and 14 of Figure 14 show low and high 
molecular weight standard, lanes 2-5 are total proteins 
from cells transformed with the vectors indicated on the 

25 figure. The high baclcground levels did not permit 
proteins uniquely produced by the inserts to become 
apparent. However, immunoprecipitation with the* 
appropriate antiserum permitted detection and 
verification of the molecular weights of these proteins. 

30 Lanes 6 and 7 show the results of 

immunoprecipitation of membrane bound proteins of the 
CV-l cells using anti-GuRH; lane 6 represents the 
pGS20/HA/GnRHg transf ormant , lane 7 is the pGS20 
transformed control. The anti-GnRH is specific for the 
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6nRH mld-tegion. as describ d by King. J.A. • et al. 
End crinol av (1980) 106:707-717. The smear d band at 
approximately 23 kd is of roughly the correct molecular 
weight (17 led contributed by Hk, 6 kd by the multimer) 
5 and may be a glycosylated protein (there are two 
glycosylation sites - both in the HA sequence) . 

Lanes 8-13 are immunoprecipitates with Miles 
antiserum (lanes 11-13) or Heloy antiserum (lanes 8-10). 
both raised against whole hC6 in rabbits. Lanes 10 and 
13 represent pGS20/HA/crrP2(serllO) transf ormants and 
show the presence of a new immunoprecipitated protein of 
approximately correct molecular weight (17 kd from the 
HA« 12 kd from the multimer). The control lanes 8 and 
11, and the transf ormants with the nollO multimer, lanes 

i5 9 and 12, do not show new bands. 

Similar assays conducted on lysates of CV-1 
cells infected with a recombinant vaccinia virus 
containing the DNA encoding the C!TP 2-mer showed a band 
of correct molecular weight which specifically 

20 immunoprecipitated with anti-hCG antibody. 



Example 13 

Construction of Species Specific Vaccines 
Advantage is taken of the regions of low 

25 species homology in the LH sequences shown in Figure 15 
to construct peptides based on these which are 
species-specific antif ertility vaccines. Appropriate 
oligomers encoding the peptides represented by amino 
acids 58-69, 104-118 of the bovine sequence and 58-68 

^0 and 104-107 of the dog sequence, as shown in Figure 15 
represent positions of low homology with human LHi thus 
permitting vaccines made from them to be handled safely 
by humans. 
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These oligomers may be polymerized and blunted 
to obtain multimers which are treated as described above 
to generate vaccines. As the peptides are relatively 
short* it may be advantageous to use them simultaneously 
5 to obtain a vaccine o£ maximum effectiveness. 



30 
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. Claims 

!• A vaccine effective ia raising antibodies 
against a target indigenous protein which comprises a 
5 recombinantly produced immunogenic form of said protein, 
and wherein said immunogenic form is selected from the 
group consisting of: 

a) a multimer which consists essentially of at 
least 2 repeating units of at least one epitope of said 
indigenous protein. 

b) at least one epitope of said indigenous 
protein conjugated to a non-bacterial polypeptide, and 

c) a multimer which consists essentially of at 
least 2 repeating units of at least one epitope of said 
indigenous protein conjugated to an additional 
polypeptide sequence. 

2. A DNA sequence which encodes the 
immunogenic form protein of claim 1. 



20 



25 



30 



3. A recombinant host cell which is 
transformed with the DNA of claim 2- 

4. The DNA sequence of claim 2 which is 
disposed in a nonessential region of vaccinia virus. 

5. The vaccine of claim 1 wherein the 
immunogenic form comprises a multimer which consists 
essentially of at least 2 repeating units of at least 
one epitope of said indigenous protein. 
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6. The vaccin o£ claim 1 wheceia the 
aon-bacterlal polypeptide is an influenza 
hemagglutinin. 

7. The vaccine of claim 1 which is an 
antif ertility vaccine effective in mammals. 

8. ^ The vaccine of claim 7 wherein the 
indigenous protein is selected from the group consisting 
of LH. GnRH, CG. and FSH. 



9. A vaccine effective against mammalian 
fertility which comprises: 

a vaccinia virus genome having disposed » in a 
nonessential region thereof » a DNA sequence having the 
formula Hormone^, wherein n is an integer equal to 
1-20 and Hormone represents a DNA sequence derived, from 
the sequence encoding a reproductive hormone. 

•20 10. The vaccine of claim 9 wherein the DNA 

sequence derived from the sequence encoding a 
reproductive hormone is selected from those derived from 
the group consisting of: 

OTP where OTP represents a PNA encoding the 
2^ carboxy terminal portion (OTP) of the fl-peptide of human 
chorionic gonadotropin (B-hCG): 

GnRH where GnRH represents a DNA encoding a 
peptide derived from gonadotropin releasing hormone: 

hLH where hLH represents a DNA encoding a 
^0 peptide derived from human luteinizing hormone; 

bLH where bLH represents a DNA encoding a* 
peptide derived from bovine luteinizing hormone; 

dLH where dLH represents a DNA encoding a 
peptide derived from dog luteinizing hormone; 
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cLH where cLH lepres nts a DNA encoding a 
peptide derived from cat luteinizing hormone; 

oLH where oLH represents a DNA encoding a 
peptide derived £rom ovine luteinizing hormone; and 
^ FSH where FSH represents a DNA encoding a 

peptide derived from follicle stimulating hormone. 

11. The vaccine of claim 10 wherein the DNA is 
selected from the group consisting of: 

that which encodes the peptide consisting of 
amino acids 109-145 of fl-hCG; 

that which encodes the ^^^^^^ form of the 
peptide consisting of amino acids 109-145 of fl-hCG; 

that which encodes the ser^^^ form of the 
peptide which is amino acids 109-145 of fl-hCG; 

that which encodes a peptide heaving the amino 
acid sequence of chicken II or human GnRH with a 
glutamine residue at the N-terminus; 

that which encodes a peptide having the amino 
acid sequence of amino acids 2-111 of human LH; 

that which encodes a peptide having the amino 
acid sequence of amino acids 22-85 of bovine LH; and 

that which encodes a peptide having the amino 
acid sequence of amino acids 43-115 pf dog LH. 



20 



25 



30 



12. The vaccine of claim 9 wherein the DNA of 
the formula Hormone^ is operabiy linked to a signal 
sequence capable of effecting the secretion of a protein 
comprising Hormone^. 



13. The vaccine of claim 9 wherein the liNA of 
the formula Hormone^ is disposed in an 
antigen-encoding portion of a DNA encoding HA. 
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14. A DNA sequence ncoding a p ptide 

effective in controlling manuaalian fertility which 

comprises a DNA sequence encoding influenza 

hemagglutinin (HA) having disposed therein DNA of the 

formula Hormone . 

n 

15. Antibodies or the Fab portions thereof 
raised against the vaccine of claim 1. 



15 



20 



25 



30 
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plg/cov/human: pyroGlu His Trp Set Tyr 61y Leu Arg Pro Gly NH 
aalmori: Trp Leu 

chicken I: - Gin 
chicken II: His Trp Tyr 



GnRH SEQUENCE FROM VARIOUS SPECIES 



Human synthetic GnSB gene 



Gin Bis Trp Ser Tyr Gly Leu Arg Pro Gly 
CAG CAC TGG TCC TAT GGA CTG 06C CCT GGA 

GTG ACC AGG ATA CCT GAC GCG GGA .CCT GTC^ 

6 In overhang 



Chicken II synthetic gene 

Gin His Trp Ser. His Gly Trp Tyr Pro Gly 
CAG CAC TGG TCC CAC GGA TGG TAT CCT GGA 

GTG ACC AGG GTC CCT ACC ATA GGA CCT GTC 

Gin overhong 



GnRH GENES 



FIG. 2 



SUBSTITUTE SHEET 
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NUCLEOTIDE AND ENCODED AMINO ACID SEQUENCE OP DOG PLH CDNA 



-13 



-20 -14 
Met Glu Met Phe Gin Gly Leu 
GCG GAG ATG TTC CAG GGA CTG^ 

C CCA AGG TAG 

-1 +1 2 



Nco t 



Leu Leu Trp Leu Leu Leu Gly Val Ala Gly Val Trp Ala Ser Arg 
CTG CTG' TGG CTG CTG CTG GGC GTG GCC GGG GTG TGG GCT TCC AGG 
CTC 

3 17 
Glu Pro Leu Arg Pro Val Cys Gin Pro lie Asn Ala Thr Leu Ala 
GAG CCA CTG CGG CCG GTG TGC CAG CCC ATC AAC GCC ACC CTG GCQ 

18 21 22 23 32 

Ala Glu Lys Glu Ala Cys Pro Val Cys lie Thr Phe Thr Thr Ser 
GQLfiAfi AAG G AG GCC T GC CCT GTC TGT ATC ACC TTC ACC ACC AGC 
Dde I Hae Ill/Stu 1 

33 47 
He Cys Ala Gly Tyr Cys Pro Ser Met Lys Arg Val Leu Pro Val 
ATC TGC GCC GGC TAC TGC CCC AGC ATG AAG CGG GTG CTG CCT GTC 

48 62 
He Leu Pro Pro Met Pro Gin Arg Val Cys Thr Tyr His Glu Leu 
CTG CTG CCG CCC ATG CCC CAG CGG GTG TGC ACC TAC CAT GAG CTG 

63 77 
Arg Phe Ala Ser Val Arg Leu Pro Gly Cys Pro Pro Gly Val Asp 
CGC TTC GCC TCC GTT CGG CTC CCC GGC TGC CCA CCT GGA GTG GAC 

76 84 85 92 

Pro Met val Ser Phe Pro Val Ala Leu Ser Cys His Cys Gly Pro 
CCA ATG GTC TCC TTC CCC G TG GCC CTC AG C TGT CAC TGT GGA CCC 

Hae III Dde I 

93 107 
Cys Arg Leu Ser Ser Thr Asp Cys Gly Gly Pro Arg Thr Gin Pro 
TGC CGC CTC AGC AGC ACT GAC TGT GGG GGT CCC AGA ACC CAA CCC 

108 121 
Leu Ala Cys Asp His Pro Pro Leu Pro Asp He Leu Phe Leu 
TTG GCC TGT GAC CAC CCC CCG CTC CCG GAG ATC CTC TTC CTC TAA 



FIG. 3A 



pbLH 



Hae 111 
fragment 



Stu I 



pbLH' 



Hae III 
fragment 



Stu i 



pbLH^ 



Hae III 
fragment 



Stu i 



pbLH 
etc 

t 

pbLHn 



[superscripted numbers = (n-1)] 
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NUCLEOTZDB AN[D ENCODED AMINO ACID SEQUENCE OP DOG 3I>H CDNA 



-18 






-14 


Ala 


Leu 


Gin 


Gly Leu 


GCG 


CTC 


CAG 


GGG TTG 






-1 


+1 2 


val 


Trp 


Ala 


Ser Arg 


GTG 


TGG 


GCA 


TCC AGG 



-13 



3 ' 17 

Gly Pro Leu Arg Pro Leu Cys Arg Pro lie Asn Ala Thr Leu Ala 

GGG CCA TTG CGG CCG CTG TGC CGG CCC ATC AAC GCC ACC CTG GCT 

18 32 

Ala Glu Asn Glu Ala Cys Pro Val Cys lie Thr Phe Thr Thr Thr 

GCT GAG AAC GAA GCC TGC CCG GTC TGT ATC ACC TTC ACC ACC ACC 

33 42 43 47 

He Cys Ala Gly Tyr Cys Pro Ser Met Val Arg Val Leu Pro Ala 
ATC TGT GCC GGC TAC TGC CCC AGC ATG GTA CG A GTG CTG CCA GCC 

Rsal 

48 62 

Ala Leu Pro Pro Val Pro Gin Pro Val Cys Thr Tyr His Glu Leu 
GCC CTG CCA CCT GTG CCC CAG CCA GTG TGC ACC TAC CAT GAG CTG 

63 77 



His 
CAC 


Phe 
TTT 


Ala 
GCT 


Ser 
TCA 


lie 
ATC 


Arg 
CGG 


Leu 
CTC 


Pro 

CCC 


Gly 
GGA 


Cys 
TGC 


Pro 
CCG 


Pro 
CCT 


Gly 
GGC 


val 

GTG 


Asp 
GAC 


76 
Pro 
CCC 


Net 
ATG 


Val 
GTC 


Ser 
TCC 


Phe 
TTC 


Pro 
CCC 


val 
GTG 


Ala 
GCC 


Leu 
CTC 


Ser 
AGC 


Cys 
TGT 


Arg 
CGC 


Cys 
TGT 


Gly 
GGG 


92 
Pro 
CCC 


93 
Cys 
TGC 


Arg 
CGT 


Leu 
CTC 


Ser 
AGC 


Asn 
AAC 


Ser 
TCC 


Asp 
GAC 


Cys 
TGT 


Gly 
GGG 


Gly 
GGT 


Pro 
CCC 


Arg 
AGA 


Ala 
GCT 


Gin 
CAA 


107 
Ser 
TCC 


108 
Leu 
TTG 


Ala 

GCC 


Cys 
TGT 


Asp 
GAC 


Arg 
CGC 


Pro 
CCC 


Leu 
CTG 


115 
Leu 
CTC 


116 
Pro 

CCG 


117 
Gly 
GGC 


Leu 
CTC 


Leu 
CTG 


Phe 

TTC 


121 
Leu 
CTC 


TAA 


















Smal 













GGATCCCCTCCTGCCCCAACTCCTGGAGCCAGCAGATGCTCCTTCCCTCCCCTCCC 



AATAAAGGCTTCTAAACTGCp^j^y^ 

Join regions for insertion o£ Rsal-Smal fragment into Smal site: 

115 43 115 117 

• ••Leu Arg Leu Gly^.. 

...CTC CC A CGA CT C CC G GG C. • • 

Rsal not recreated Smal recreated 



FIG. 3B 
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NUCLEOTIDE AND ENCODED AHINO ACID SEQUENCE OP HUNAN fiLH 



-13 
Leu 
CTG 

etc 

3 

Glu 
GAG 
CTG 
18 
Val 
GTG 



Leu Leu Leu Leu 
CTG TTG CTG CTG 
GCC G 

Pro Leu Arg Pro 
CCG CTT CGG CCA 
GGCGAAGCC 

Glu Lys Glu Gly 
GAG AAG GAG GGC 



-20 -14 
Net Glu Net Leu Gin Gly Leu 
ATG GAG ATG CTC CAG G GG CTG 

C CGT AGO TAG 
-1 +1 2 

Leu Ser Net Gly Gly Ala Trp JVla Ser Arg 
CTG AGC ATG GGC GGG GCA TOG GCA TCC AGG 

C CGT AGC TCA 
17 

Trp Cys His Pro lie Asn Ala lie Leu Ala 
TGG TGC CAC CCC ATC AAT GCC ATC CTG GCT 

32 

Cys Pro Val Cys lie Thr Val Asn Thr Thr 
TGC CCC GTG TGC ATC ACC GTC AAC ACC ACC 



Nco I 



Mae ill 



33 47 
lie Cys Ala Gly Tyr Cys Pro Thr Net Net Arg Val Leu Gin Ala 
ATC TGT GCC GGC TAC TGC CCC ACC ATG ATG CGC GTG CTG CAG GCG 

48 62 
Val Leu Pro Pro Leu Pro Gin Val Val Cys Thr Tyr Arg Asp Val 
GTC CTG CCG CCC CTG tCT CAG GTG GTG TGC ACC TAC CGT GAT GTG 

63 77 
Arg Phe Glu Ser lie Arg Leu Pro Gly Cys Pro Arg Gly Val Asp 
CGC TTC GAG TCC ATC CGG CTC CCT GGC TGC CCG CGT GGC GTG GAC 

76 92 
Pro Val Val Ser Phe Pro Val Ala Leu Ser Cys Arg Cys Gly Pro 
CCC GTG GTC TCC TTC CCT GTG GCT CTC AGC TGT CGC TGT GGA CCC 

93 107 
Cys Arg Arg Ser Asn Ser Asp Cys Gly Gly Pro Lys Asp His Pro 
TGC CGC CGC AGC ACC TCT GAC TGT GGG GGT CCC AAA GAC CAC CCC 

108 110 111 121 

Leu Thr Cys Asp His Pro Gin Leu Ser Gly Leu Leu Phe Leu 
TTG ACC T GT GAC CAC CCC CAA CTC TCA GGC CTC CTC TTC CTC TAA 
Mae ill 

Scheme to conscruct multimers o£ a portion of the 0 peptide: 



EcoRX-digested cDNA 
EcoRI-digested Nl3mpl8' 



mutagenize 

universal primer 
extend with Klenow 



Naelll 



1-2 



polymerize 



hLH 



111-112 



(n-1) 



phLH Naelll 
(not mutagenized) 



phLH 



FIG. 4 
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Construction of Multimer Carrier Vectors 



Pst\ 




It<l9\ 



PvttW 



? Digest with fgoRI/^^l 
Ligoti-lorje/wRI/S^^I 
fragment of pKT4l to emoll 
. o, P 1 /wRI/f^i*! froginent of 
/«RI [No Bam^ .mis 

[AmpR ^'^^itiY Pi9»»t with />>^.ll , 

PKTI94I 7 ligata to /^/7l linker 

'^Bon 




Seo^A Bom 

'\iSa/\/ 

Bal\ 



Me f Pm 



ieoM [No Baa^^ 
pKTI94i.l 




K<l8\ 



stop codonsV fwRI ^''^"1, 

stort codon>> tet \LHo.Jff/l/ 
[HoPsf\f\ PVA2 J 

Xpo\ Kpn\ 




[Ho Ml] 



\ Digest with 
^tf/l, llgote 

to Kpn\ linker 



stop codoi 
Hde\ 
Ball 

Meo/start codon 
Baa>f\ 
[No /'s/l] 



fwRI 




No/%/1 



^/V7cl 



No /'s/l] 



FIG. 5 





Bah 



Kpn\ 

Digest with #<//'l. 
Klenow, tipote to 
Kpn\ linker 

jgfRJ [No Baa^^ 
Sp»\ 

[No ^(7/1 / 

BtneW] 
Ba/\ 



Mco\ 

Bam^iX Ban lld£\ 3ter. Sma\ 
I 1 



f»RI 



SiaaX, Bam^\ 
San, Psf\ 
Hiam 



No Pst/R 



firoRI, PviiW 

blunt roligate 

Sal\ 



PvaW 



[No Pst\ 



TfTZ 




^(7i17Hi 

fwRI 

^-wffl, Ar^HI/ioa., to 
i<r/l, /'j/ll ^1 

^/iVdlll 
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:fcoR\ 
■Jamm 




ace Rl-/y/-irl 
with M-S/na oligo . 



fcoM Smm H ff^/W Saff\ 

AATTC6GATCCAAGCTTAGATCTCCC666 
6CCTAG6TTC6AATCTAGAG66GCC 



PvuW 



I 



r „. Bam 
tco^\^ / Hinm 
•BglW 
TSma\ , 



FIG. 6 




BglW 



Hde\ 



Hmm 



tart eodon 




Hmm. 



itfoRi \mm 

jitart eodon 



I i gate 




Mde\ 
stop eodon 



Bam^\ 



PvuW 



Bem% 



llfde\ 

stop eodon 
0 Bam\ 
No 8gn\ 
I » iima\ 
[No /yz-irlj 



P/A2 



„, , stop eodon 



stort eodon 

Binm\ 

[Mo Ps/ 




start eodon 

Binm 

[No Psf\ 



, stop eodon 
Bde\^/ Sao\ [No 



[Noi'y*!) 7rfio/»KM 



blunt 




{No^^/Q 
[No Jlfde\ /.ho /'will 
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H^AG GTC 
-TTC CAG 
IS 16 



HmcU 
GAC 
CTGm 
17 



PvtOI 



.CAG CTG 
.GTC GAC 
460 461 



AGA- 
TCT- 
462 



signal 
sequence 




S-tor-t 
Codon 



Ndel 

Siop Cottons' 
Snal 

EcoRI 



S'toH; Codon 
BanHI 
CNo Ps-t] 




Kpnl 



Kpul 



Kpnl 



Hthcn/PvuII 

blunt hormone 



Junction regions of 
pCTPn/HAMB 



«^AG GTCI 
-TTC CAG 
IS 161 



blunted harmone multiner 



CTG AGA.. 
GAC TCT« 
461 462 



FIG. 9 
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a 
o 
u 



ID 
13 

a 



o 





u 
o 
(J 
I 



in cn 



OJ 
! 

o 



o 

C U 
01 > 

c 



< 
o 

o 



^ 09 
CO w 



SUBSTITUTE SHEET 



wo 86/07383 



PCT/US86/01226 



12/19 




SUBSTITUTE SHEET 



wo 86/07383 PCT/US86/01226 



13/19 



OL 
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BanHI Ncol HlndUl ier Snal EcoR I 

I I ■ n » 




FMe-tLysGlnSerThrneAlaLeuAloJ_euLeti_eii>r«LeuLeuPheThrPpoValThrLysAla 
CATGAAACAGTCTACCATCCCTCTGGCACTTCTGCTACCACTjGCTGTTCACCCCGGTTACCAA 

0-15 I ■ 0-17 I 0-19 

jn^TGTCAGATGGTAGCGAQ4=CGTGAA»«:CATGGTGACGACA^GGG^ 



CNo NcoD 



0-16 



0-18 



O-20 Hinorni 



Juncttonsi 



CAA GCT 

GTT CGA 

blunied 

Hlnonn 

(vector) 



blunted hormone 



FIG. 1 1 



Ser Leu ter 

AGC TTA TGA 

TCG AAT ACT 

blunted 

Hindni 

(vector) 
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icgRI 
Snal 




Hormone /renin 



BawHI 



Ncol- 

S-tar-t Codon 



juncttonsi 



-1 

Cys 
TGT 



Snal 



vector 



ACA 

renin 
signal sequence 



Hormone 



Ser Leu -ter 
AGC TTA TGA 



TCG AAT ACT 
vector 



FIG. 12 
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Vacdnla R srtrictlon Sites 




Honologous Recomfatna-tion 

FIG. 13 j 

TK-Reconbtnan-t Virus 



Schene for cons-tructton of vacclnfa virus 
recomblnan-ts expressing foreign genes. 
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CONPABZSON or BUNAM* WS, COtfi AND DOG filB PROTEIN SSQUENCSS 



Human 

Rat 

Gov 



Human 
Rat 

CQW 

Dog 



Human 
Rat 
Cow 
Dog 



Human 
Rat 
Cow 
Dog 



Human 
Rat 
Cow 
Dog 



Human 
Rat 
Cow 
Dog 



15 

Sac Arg Glu Pro Lau Arg Pro Trp Cys His Pro lie Asn Ala lis 
Str Arg ISIylPro Lau Arg Pro Caul Cys Pro ivaii Asn Ala iThrj 
Sar Arg iGlyl Pro Lau Arg Pro ILeul Cys iGlnl Pro lie Asn Ala Irhri 

30 



Lau Ala Val Glu Lys Glu Gly Cys Pro Val Cys lie Thr Val Asn 



Lau Ala (Ala 
Lau Ala Ala 



Glu (Xaia Glu 

Glu Lys Glu 

Alal Glu OSnl Glu 




Pro Val Cys ile Thr 
Pro Val Cys lie Thjr 
Pro Val Cys lie Thr 



Phe Thr 
Phe Thr 
Phe Thr 



Thr Thr lie Cys Ala Gly Tyr Cys Pro Ser Met Met Arg Val 



Thr fSerl lie Cys Ala Gly Tyr Cys Pro Ser Met 
Thr Iserl He Cys Ala Gly Tyr Cys Pro Ser Met 
Thr tKt He Cys Ala Gly Tyr Cys Pro Ser Met 



Ival 



Arg Val 



Lys Arg Val 



45 
Leu 
Leu 
Leu 



Vail Arg Val Leu 
60 

Gin Ala Val Leu Pro Pro Leu Pro Gin Val Val Cys Thr Tyr Arg 
IPro l Ala i Alal Leu Pro Pro jTall Pro Gin 

IHeti Pro Gin 
Pro Gin 




Leu Pro Pro 
Leu Pro Pro 



val 



Val Cys Thr Tyr Arg 
Val Cys Thr Tyr EIT 
val Cys Thr Tyr his 



Asp Val Arg Phe Glu Ser He Arg Leu . Pro Gly Cys Pro 
■ — j^j^g Ley Pro Gly Cys Pro 



Glu LeuiArg Phe 
Glu Leu l Arg Phe 
Glu Leu Hisi Phe 



Ala 
Ala 
Ala 




Arg 



75 
Gly 
Gly 
Gly 
Gly 

90 

val Asp Pro val Val Ser Phe Pro Val Ala Leu Ser Cys Arg Cys 
flI3 Val Ser Phe Pro Val Ala Leu Ser Cys Ar 



Pro 

Arg Leu Pro Gly Cys Pro Pro 
T Arg Leu Pro Gly Cys Pro |pro 



Val Asp Pro 
Val Asp Pro 
Val Asp Pro 



Met Val Ser Phe Pro Val Ala Leu Ser Cys iHis 



Cys 
Cys 



Met Val Ser Phe Pro Val Ala Leu Ser Cys Arg Cys 



Gly Pro Cys Arg Arc 
Gly Pro Cys Arg 
Gly Pro Cys Arg 
Gly Pro Cys Arg 



105 

Ser Thr Ser Asp Cys Gly Gly Pro Lys Asp 
se n Ser Asp Cys Gly Gly Pro lArg xnr 
Ser Thrl Asp Cys Gly Gly Pro Arg Thr 
Q] Ser Asp Cys Gly Gly Pro lArg Ala 



120 



His Pro Leu Thr Cys Asp Hi>s Pro Gin Leu Ser Gly Leu Leu Phe Leu 



GlnTPro fMeE 



Gin [Pro Leu 
Gin Serl Leu 



Thr Cys Asp |Lem Pro IHisI Leu 
Alaj Cys Asp His Pro jpro Leu 
Ala I Cys Asp |Arg| Pro ILeul Leu 



Pro I Gly Leu Leu 
Pro Asp He I Leu Phe Leu 
Pro) Glv Leu Leu Phe Leu 



FIG. ISA 
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COW-SPBCZrZC AND DOO-SPECXriC 0LB FBPTZDBS AND SYNTBB7ZC GBNBS 



COW 

cov$LB( 58-69): 

* * * * * 

Thr Tyr Bis 61u Leu Arg Phe Ala Sec Val Acg Leu 

ACC TAG CAT GAG CTG CGC TTC GCC TCC GTT CGG CTC 

ATG GTA CTC GAC GCG AAG CGG AGG CAA GCC GAG TGG 



[ SerllO ]-cow|9LH( 104*118 ) : 
*** * **** 

Arg Thr Gin Pro Leu Ala Ser Asp His Pro Pro Leu Pro Asp lie 
AGA ACC CAA CCC TTG GCC TCT GAC CAC CCG CCG CTC CCA GAC ATC 

TGG GTT GGG AAC CGG AGA CAG GTG GGC GGC GAG GGT CTG TAG TCT 



DOG 

dog0LH( 58^69): 

* * * * * 

Thr Tyr His Glu Leu His Phe Ala Ser lie Arg 
ACC TAC CAT GAG CTG CAC TTT GCT TCA ATC CGG 

ATG GTA GTC GAC GTG AAA CGA AGT TAG GCC TGG 

[ SerUO ]-dog0LH( 104*117 ) : 

It * it if * * * * 

Arg Ala Gin Ser Leu Ala Set Asp Arg Pro Leu Leu Pro Gly 
AGA GCT CAA TCC TTG GCC TCT GAC CGC CCC CTG CTC CCG GGC 

CGA GTT AGG AAC CGG AGA CTG GCG GGG GAC GAG GGC CCG TCT 



* - difference with the human sequence 

FIG. I5B 
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separately, with the ligand administered slightly before the lytic peptide, to activate cells with receptors for the Ugand. and tiiercby make 
those cells susceptible to lysis by the lytic peptide. Ttie compounds may be used in gene therapy to treat malignant or non-malignant 
tumors, and other diseases caused by clones or populations of ^'normal" host cells bearing specific receptors (such as lymphocytes), because 
genes encoding a lytic peptide or encoding a lytic peptide/peptide hormone fusion may readily be inserted into hematopoietic stem cells or 
myeloid precursor cells. 
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UGAND/LYnC PEPTIDE COMPOSITIONS AND METHODS OF USE 



The benefit of the March 27, 1997 filing date of provisional application serial number 
60/041,009 and of the September 3, 1997 filing date of provisional application 60/057,456 are 
claimed under 35 U.S.C. § 119(e) in the United States, and are claimed under applicable 
treaties and conventions outside the United States. The benefit of the June 4, 1997 filhig date 
of United States non-provisional application 08/869,153 is claimed under 35 U.S.C. § 120 in 
the United States, and is claimed under applicable treaties and conventions outside the United 
States. 

TECHNICAL FIELD 

This invention pertains to compositions and methods for specifically inhibiting cells 
that are driven by or are dependent on specific ligand interactions. Examples are 
compositions and methods for long-term contracq)tion or sterilization; compositions and 
methods for inhibiting or killing malignant and non-malignant, hormone-dependent tumors; 
compositions and methods for selectively killmg virally infected cells; and compositions and 
methods for selectively destroying lymphocytes responsible for autoimmune disorders. 

BACKGROUND ART 

Compositions that have sometimes be^ used for long-term contraception include those 
based upon natural or synthetic steroidal hormones to "trick" the female reproductive tract into 
a "false pregnancy." These steroidal hormones must be administered repeatedly to prevent 
completion of the estrous cycle and concq)tion. Steroids have side effects that can be 
potentially dangerous. 

P. Olson et al,y "Endocrine Regulation of the Corpus Luteum of the Bitch as a 
Potential Target for Altering Fertility," J. Reprod. Pert, SuppL, vol. 39, pp. 27-40 (1989) 
discusses the luteal phase and its regulation in bitches. Hie following discussion appears at 
page 37: "Specific toxins can be linked to an antibody or hormoiie and carried to a specific 
target cell (or cells) which is then killed by the toxin. The idea of developing a 'magic bullet' 



wo 98/42365 PCT/US98/06114 

2 

has been discussed for decades but is now gaining renewed recognition as a potential, highly 
selective method for destroying specific tissues while leaving other tissues unharmed. For 
many years it was impossible to develop large quantities of antibodies which would react 
specifically with only single antigenic determinants. However, with the advent of monoclonal 
antibodies, this problem has been largely overcome. Antibodies can be developed to specific 
hormone receptors (sudi as the LH recq)tor) and then coupled to a toxin. All cells with LH 
receptors should then be destroyed. Although various cell types have not been characterized 
in dog corpora lutea, destruaion of any luteal cell type could potentially result in luteolysis if 
cell types conrniunicate." (citations omitted) 

P. Olson et al., "New Developments in Small Animal Population Control," JAVMA, 
vol. 202, pp. 904-909 (1993) gives an overview of methods for preventing or terminating 
unwanted pregnancies in small animals. The following discussion appears at page 905: 
Tissue-specific cyror«xf/w-Permanent contraception in females and males might be achieved 
by administration of a cytotoxin that is linked to gonadotropin-releasing hormone (GnRH) and 
that selectively destroys gonadotropin-secreting pituitary cells. Similarly, a cytotoxin linked to 
antibodies against gonadotropin receptors could be targeted to alter gonadal function. Toxins 
would need to be carefully targeted to specific cells, yet be safe for all other body tissues." 
(citation omitted). 

T. Janaky et al., "Short Chain Analogs of Luteinizing Hormone-Releasing Hormone 
Containing Cytotoxic Moieties," Proc. NatL Acad. Sd. USA, vol, 89, pp. 10203-10207 
(1992) discloses the use of certain hexapeptide and heptapeptide analogs of GnRH as carriers 
for certain alkylating nitrogen mustards, certain anthraquinone derivatives, antunetabolite, and 
cisplatin-like platinum complex. The authors rqwrted that several of the compounds exerted 
some cytotoxic effects on the MCF-7 breast cancer cell line. 

D. Fitzgerald et a/., "Targeted Toxin Therapy for the Treatment of Cancer," J. NatL 
Cancer Inst., vol. 81, pp. 1455-1463 (1989), reviewed targeted toxin therapies for cancers, 
including conjugating toxins such as Pseudomonas exotoxin, diphtheria toxin, and ricin to a 
cell-binding protein such as a monoclonal antibody or a growth factor. The conjugates are 
then internalized into cytoplasm, where the toxin disrupts cellular activity. 

Conventional targeted toxin therapies have several drawbacks. There is a small 
window for treatment with a particular targeted toxin (on the order of two weeks) before the 
recipient's unmune system mounts an antibody response to the targeted toxin. These 
antibodies will naitralize the toxin; or worse, may result in deposition of the toxin in 
reticuloendothelial tissues (e.g., liver, spleen, lymph nodes, lungs, bone marrow), where they 
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may damage otherwise healtiiy tissue. Aside from this drawback, the toxin must be 
internalized by the targeted cell and translocated into the cytoplasm to have effect. 

A related ^proach is to link a monoclonal antibody to an enzyme. This conjugate is 
directed specifically to a tumor cell surface antigen. A prodrug is then administered to the 
patient. The prodrug is substantially less toxic than the drug that results from activation of die 
drug at the tumor site by the conjugated enzyme. The activated drug then selectively attacks 
tumor cells. See, e.g., D. Kerr et al.^ "Regressions and Cures of Melanoma Xenografts 
following Treatment with Monoclonal Antibody /S-Lactamase Conjugates in Combination with 
Anticancer Prodrugs," Cancer Research, vol. 55, pp. 3558-3563 (1995); and H. Svensson et 
al.y "In Vitro and In Vivo Activities of a Doxorubicin Prodrug in Combination with 
Monoclonal Antibody j8-Lactamase Conjugates," Cancer Research, vol. 55, pp. 2357-2365 
(1995). 

S. Sealfon et al,, "Molecular mechanisms of iigand interaction with the gonadotropin- 
releasing hormone receptor," Endocrine Reviews, vol. 18, pp. 180-205 (1997) provides a 
review of research concerning the interaction between GnRH and its recq)tor. 

F. Hu et al., "Theophylline and Melanocyte-Stimulating Hormone Effects on Gamma- 
Glutamyl Transpeptidase and DOPA Reactions in Cultured Melanoma Cells," J. Investigative 
Dermatology, vol. 79, pp. 57-61 (1982) disclosed that theophylline and melanocyte-stimulatmg 
hormone (MSH) both enhanced pigmentation in murine melanoma cells, apparently by 
different mechanisms. J. Murphy et al,, "Genetic Construction, Expression, and Melanoma- 
Selective Cytotoxicity of a Diphtheria Toxin-Related a-Melanocyte-Stimulatmg Hormone 
Fusion Peptide," Proc. Natl Acad. Sci. USA, vol. 83, pp. 8258-8262 (1986) discloses 
selective activity against melanoma cells in vitro by an MSH-diphtheria toxui conjugate. See 
also D. Bard, "An Improved Imaging Agent for Malignant Melanoma, Based on [Nle*, 
D-Phe^a-Melanocyte Stimulating Hormone," NucL Med. Comm., vol. 16, pp. 860-866 
(1995). 

W. Siegrist et al., "Homologous and Heterologous Regulation of a-Melanocyte- 
Stimulating Hormone Recq)tors in Human and Mouse Melanoma Cell Lines," Cancer 
Research, vol. 54, pp. 2604-2610 (1994) reports that it is well-established that human 
melanoma cells possess specific high affinity receptors for a-MSH. See also J. Tatro et al., 
"Melanotropin Recq)tors Demonstrated In Situ in Human Melanoma," /. Gin. Invest., vol. 
85, pp. 1825-1832 (1990). 

P. Badia et al., "Thyrotropin-Releasing Hormone-Diphtheria Toxin-related 
Polypeptide Conjugates," 7. Biol. Chem., vol. 258, pp. 1565-1570 (1983) discloses conjugates 
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of thyrotropin-releasing hormone (TRH) with two diphtheria toxins; one of these conjugates 
caused a 50% inhibition of protein synthesis in rat GH3 pituitary cells at 3 x 10^ M 
concentration. See also P. Bacha et al., "Organ-Specific Binding of a Thyrotropin-Releasing 
Hormone-Diphtheria Toxin Complex after Intravenous Administration to Rats," 
Endocrinology, vol 113, pp. 1072-1076(1983). 

V. Chaudhary, "Activity of a Recombinant Fusion Protein between Transformmg 
Growth Factor Type a and Pseudomonas toxin," Proc, Natl. Acad, ScL USA, vol. 84, pp. 
4538-4542 (1987) discloses that a fusion protein of a modified Pseudomonas toxin and 
transforming growth factor type a selectively kills cells expressing epidermal growth factor 
receptors. See also D. Cawley et al,, "Epidermal Growth Factor-Toxin A Chain Conjugates: 
EGF-Ricin Is a Potent Toxin while EGF-Diphtheria Fragment A is Nontoxic," Cell, vol. 22, 
pp. 563-570 (1980). 

E. Vitetta et aL, "Redesigning NaUire's Poisons to Create Anti-Tumor Reagents." 
Science, vol. 238, pp. 1098-1104 (1987) reviews the use of inununotoxins against tumors. 
Uses in preventing graft-versus-host reactions are also mentioned. The authors mentioned that 
in vivo effectiveness was less than desirable. Difficulties mentioned included accessibility of 
toxins in circulation to target cells; instability of the linkage of toxm to antibody; r^id 
clearance of the inununotoxins from circulation by the liver; response by the recipient's 
immune system to the toxin or to the monoclonal antibody, complicating long-term therapy; 
possible lack of specificity for neoplastic renewal cells; cross-reactivity with normal cells; 
heterogeneity of tumor cells; and shedding of surface antigens by tumor cells. 

P. Trail et aL, "Antigen-specific Activity of Carcinoma-reactive BR64-Doxorubicin 
Conjugates Evaluated in Vitro and in Human Tumor Xenograft Models," Cancer Research, 
vol. 52, pp. 5693-5700 (1992) disclose the conjugation of the anticarcinoma antibody BR64 to 
a doxorubicin derivative, and discuss the antitumor effects of the conjugate. 

J. Olson, "Laboratory Evidence for the Hormonal Dependency of Memngiomas," 
Human Reproduction, vol. 9, supp. 1, pp. 195-201 (1994) discloses evidence that 
meningiomas, benign intracranial tumors, possess progesterone rec^tors. 

S. Prigent et al,, "The Type 1 (EGFR-Related) Family of Growth Factor Receptors 
and their Ligands," Progress in Growth Factor Research, vol. 4, pp. 1-24 (1992) reviews the 
biology of the epidermal growth factor (EGF), its receptor, and related ligands and receptors 
(e.g., c-erbB-2, c-erbB-3, TGFof, amphiregulm, heregulin), and their roles in normal cell 
proliferation and in the pathogenesis of human cancer. See also D. Davies et al., "Targeting 
the Epidermal Growth Factor Receptor for Therapy of Carcinomas," Biochem, Pharm., vol. 
51, pp. 1101-1110 (1996). 
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D. Morbeck et al., "A Receptor Binding Site Identified in the Region 81-95 of the 
j3-Subunit of Human Luteinizing Hormone (LH) and chorionic gonadotropin OiCG)," 
Molecular and Cellular Endocrinology, vol. 97, pp. 173-181 (1993) disclosed a fifteen amino 
acid region of LH and hCG that acted as a receptor binding site. (LH and hCG are 
homologous hormones that produce similar effects.) 

W. Theunis et cd,, "Luteinising Hormone, Follicle Stimulating Hormone and 
Gonadotropin Releasing Hormone Immunoreactivity in Two Insects: Locusta migratoria 
migratoroides R & F and Sarcophaga bidlata (Parker)," Invert Reprod, and Develop,, vol. 
16, pp. 111-117 (1989) disclosed that mat^ials inmaunologically related to LH, FSH, and 
GnRH were localized in cerebral tissue of Locusta migratoria and Sarcophaga bullata. See 
also P. Verhaert et al., "Substances Resembling Peptides of the Vertebrate Gonadotropin 
System Occur in the Central Nervous System of Periplaneta americana L.," Insect Biochenu, 
vol. 16, pp. 191-197(1986). 

U.S. Patents No. 5,378,688; 5,488,036; and 5,492,893 disclose compounds said to be 
useful in inducing sterility in mammals, and in treating certain sex hormone-related cancers in 
mammals. Hie disclosed compounds were generically described as GnRH (or a GnRH 
analog) conjugated to a toxin. The toxin was preferably linked to the sixth amino acid of the 
GnRH agonist. The toxin was preferably one with a translocation domain to facilitate uptake 
into a cell. The inventors noted that conjugation of the GnRH agonist to the toxin "is 
necessary because, for the most part, the above toxins, by themselves, are not C2^)able of 
binding with cell membranes in general. That is to say that applicants have found that it is 
only when a GnRH analog of the type described herein is linked to a toxin of die type noted 
above does that toxin become capable of binding to cell membranes . . . (E.g., Pat. No, 
5,488,036, col. 7, lines 46-52.) The toxins specifically mentioned appear all to have been 
metabolic toxins, for example ricm, abrin, modeccin, various plant-derived ribosome- 
inhibiting proteins, pokeweed antiviral protein, a-amanitin, diphtheria toxin, pseudomonas 
exotoxin, shiga toxin, melphalan, methotrexate, nitrogen mustard, doxorubicin, and 
daunomycin. None of these toxins is believed to be toxic due to direct interaction with the 
cell membrane. In the in vivo experiments reported, the most effective time course was 
reported to be weekly mjections for 4 weeks. (E.g., Pat. 5,488,036, col. 20, lines 46-47.) 
Because most of the conjugates cited are relatively large compounds, antigenicity could be a 
problem when such multiple administrations are used. The GnRH analog was preferably 
linked to the toxin with one of several specified heterobifunctional reagents. The 
specifications suggest that considerable effort was expended in conjugating the toxin to the 
GnRH agonist. The toxins must in general be internalized into the target cells to hav effect. 
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and do not act on cell membranes; in addition, at least some of these toxins must be 
secondarily transported from the membrane-bound vesicl into the cytoplasm to interact with 
ribosomes, mitochondria, or other cellular components. 

M, Kovacs et al., "Recovery of pituitary function after treatment with a targeted 
cytotoxic analog of luteinizing hormone-releasing hormone," Proc. Natl Acad. Sd. USA, vol. 
94^ pp. 1420-1425 (1997) discloses that a doxorubin analog conjugated to an LH-RH (i.e., 
GnRH) agonist selectively attacked cells with LH-RH recq)tors, and that its effect on pituitary 
cells was reversible. The paper suggests that the conjugate might be used to treat tumors with 
LH-RH receptors. See also A. Jungwirth et al., "Regression of rat Dunning R-3227-H 
prostate carcinoma by treatment with targeted cytotoxic analog of luteinizing hormone- 
releasing hormone AN-207 containing 2-pyrrolinodoxorubicin," IntL 7. OncoL, vol. 10, pp. 
877-884 (1997) 

R. Moretti et aL, "Luteinizing hormone-releasing hormone agonists interfere with the 
stimulatory actions of epidermal growth factor in human prostatic cancer cell lines, LNCaP 
and DU 145," J. airu Endocnru & Metab., vol. 81, pp. 3930-3937 (1996) discloses that LH- 
releasing hormone agonists inhibit both androgen-dependent (LNCaP) and androgen- 
independent (DU 145) human prostatic cancer cell lines, and suggests that the agonists may 
inhibit prolif^ation of the tumor cells by interfering with the stimulatory actions of epidermal 
growth factor. 

1. Mez6 et al., "Synthesis of GnRH analogs having direct antitumor and low LH- 
releasing activity," J. Med, Chem., vol. 40, pp. 3353-3358 (1997) discloses chicken I GnRH 
agonists and antagonists. Agonist MI-1892 was reported to have low endocrinological 
activity, but to possess antitumor aaivity. 

A. Nechushtan et cd,, "Adenocarcinoma cells are targeted by the new GnRH-PEe^ 
chimeric toxin through specific gonadotropin-releasing hormone binding sites," J. Biol 
Chem., vol. 272, pp. 11597-11603 (1997) discloses the use of a Pseudomonas exotoxm 
coupled to GnRH to kill certain types of cancer cells. 

X. Zhu, "Steroid-independent activation of androgen recq)tor in androgen-independent 
prostate cancer. A possible role for the MAP kinase signal transduction pathway?" Mol & 
Cell Endocrinol, vol. 134, pp. 9-14 (1997) discloses that androgen receptors in prostate 
cancer could be activated in the absence of the androgen signal, 

G. Emons et cd., "Growth-inhibitory actions of analogues of luteinizing hormone 
releasing hormone on tumor cells," Trends in Endocrin, Metab., vol. 8, pp. 355-362 (1997) 
reviews the similarities and differences between GnRH receptors of cancer cells and of normal 
brain and pituitary cells; and suggests that LHRH analogs interfere with the mitogenic signal 
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transduction of growth-factor receptors and related oncogene products associated with tyrosine 
kinase activity in a number of malignant human tumors, including breast, ovary, 
endometrium, and prostate cancers. 

D. Tang et cd.y "Target to Apoptosis: A Hopeful Weapon for Prostate Cancer," The 
Prostate, vol. 32, pp. 284-293 (1997) provides a review of research on apoptosis as a route to 
treat prostate cancers. 

A. Goustin et al., "Growth Faaors and Cancer," Cancer Research, vol. 46, pp. 1015- 
1029 (1986) provides an overview of various growth factors that have been associated with 
different cancers. 

S. Cho et al.y "Evidence for autocrine inhibition of gonadotropin-releasing hormone 
(GnRH) gene transcription by GnRH in hypothalamic GTl-1 neuronal cells," MoL Brain Res., 
vol. 50, pp. 51-58 (1997) discloses that neuroendocrine populations of GnRH neurons have 
high affinity receptors for GnRH and for GnRH analogs. 

S. Sower et al., "Primary structure and biological activity of a third gonadotropin- 
releasing hormone from lamprey brain," Endocrinology, vol. 132, pp. 1125-1131 (1993) 
describes the structure of lamprey in GnRH. 

E. Stopa et al., "Immunocytochemical evidence for a lamprey-like gonadotropin- 
releasing hormone in human brain," Sac, Neurosci, Abstn, abstract no. 437.8, p. 1577 (1987) 
discloses that a lamprey-like GnRH III is found in humans. 

S. White et al,, "Three gonadotropin-releasing hormone genes in one organism 
suggest novel roles for an ancient peptide," Proc, NatL Acad. ScL USA, vol. 92, pp. 8363- 
8367 (1995); and J. Powell et al., "Three forms of gonadotropin-releasing hormone 
characterized from brains of one species," Proa. NatL Acad. ScL USA, vol. 91, pp. 12081- 
12085 (1994) are examples of papers rq)orting the typical presence of three forms of GnRH in 
species of vertebrates. 

J. Wamock et al., "Anxiety and mood disorders associated with gonadotropin- 
releasing hormone agonist therapy," Psychopharmacology BuU., vol. 33, pp. 311-316 (1997) 
reports that psychological side effects can accompany chronic treatment with a GnRH agonist. 

L. Deligdisch et al., "Pathological changes in gonadotropin releasing hormone agonist 
analogue treated uterine leiomyomata," Fertility and Sterility, vol. 67, pp. 837-841 reported 
the pathological dianges associated with treating leiomyomata with a GnRH analog to induce 
iatrogenic menopause. 

J. Fuerst et al., "Effect of active immunization against luteinizing hormone-releasing 
hormone on the androgen-sensitive Dunning R3327-PAP and Androgen-Indq)endent Dunning 
R3327-AT2.1 prostate cancer sublines," Prostate, vol. 32, pp. 77-84 (1997) reported that 
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active immunization of rats with an LHRH-diphtheria toxoid conjugate caused atrophy of the 
testes, prostate, and androgen-sensitive prostate tumors, with inhibition of the tumors caused 
by suppression of cell division rather than an increase in cell death; and that die volume 
increase of androgen-indq)endent prostate tumors was slightly reduced. 

C. Mantzoros et al., "Insulin-like growth factor 1 in relation to prostate cancer and 
benign prostatic hyperplasia," Br, 7. Cancer, vol. 76, pp. 1115-1118 (1997) rqwrted that 
increased levels of insulin-like growth factor 1 were associated with an increased risk of 
prostate cancer. 

V. Ding, "Sex hormone-binding globulin mediates prostate androgen receptor action 
via a novel signaling pathway," Endocrinology, vol. 139, pp. 213-218 (1998) reported that 
androgen-independent pathways may activate the progression of some prostate cancers. 

J. King et al,, "Evolution of gonadotropin-releasing hormones," Trends in Endocrin. 
Metab., vol. 3, pp. 339-344 (1992) discloses die primary structures of different GnRHs from 
various vertebrates. See also J. King et al., "Structure of chicken hypothalamic luteinizing 
hormone-releasing hormone. II. Isolation and characterization," J. BioL Chem., vol. 257, 
pp. 10729-10732 (1982). 

N. Mores et cd., "Activation of LH receptors expressed in GnRH neurons stimulates 
cyclic AMP production and inhibits pulsatile neurop^tide release," Endocrinology, vol. 137, 
pp. 5731-5734 (1996) discloses that LH acts directly on neuroendocrine neurons in the brain. 
See also Z. Lei et al„ "Signaling and transacting factors in the transcriptional inhibition of 
gonadotropin releasing hormone gene by human chorionic gonadotropin in immortalized 
hypothalamic GTl-7 neurons," Mol & CeU. Endocrinology, vol. 109, pp. 151-157 (1995). 

United States patents 5,597,945 and 5,597,946 disclose plants transformed with genes 
encoding various lytic peptides. 

DISCLOSURE OF INVENTION 

It has been unexpectedly discovered that amphipathic lytic peptides are ideally suited 
to use in a ligand/cytotoxin combination to specifically inhibit abnormal or normal cells that 
are driven by or are dependent upon a specific ligand interaction; for exan^le, to induce 
sterility or long-term contracq)tion, or to attack tumor cells, or to selectively lyse virally- 
mfected cells, or to attack lymphocytes responsible for autoinmiune diseases. Hie peptides act 
directly on cdl membranes, and need not be internalized. 

For example, administering a combination of gonadotropin-releasing hormone (GnRH) 
(or a GnRH agonist) and a membrane-active lytic peptide produces long-term contraception or 
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sterilization in animals in vivo. Particularly surprising, sterility results even when the 
combination is administered to a sexually immature animal: Hie combination then prevents 
sexual maturation. 

Administering in vivo a combination of a ligand and a membrane-active lytic peptide 
kills cells with a receptor for die ligand. The compounds used in the present invention are 
relatively small, and will not be antigenic. (Lytic peptides are known not to be very 
antigenic; and the ligands are not antigenic at all.) The compounds may be administered in a 
single dose, or in two or more closely spaced doses. Lysis of gonadotropes has been 
observed to be very rapid (on the order of ten minutes.) Lysis of tumor cells is rapid. The 
two components - the ligand and the lytic peptide - may optionally be administered as a 
fusion peptide, or diey may be administered separately, with the ligand administered slighdy 
before the lytic peptide, to activate cells with receptors for the ligand, and thereby make those 
cells susceptible to lysis by the lytic peptide. If a fusion peptide is used, it has been 
unexpectedly discovered that a linking moiety is not necessary to join the ligand to the lytic 
peptide: one may be bonded directly to the other, without the need for any intervening 
linkage; bonding may be performed by bonding one end of the ligand to one end of the 
peptide, or by bonding to the middle of either. The toxin, the lytic peptide, does not need a 
translocation domain, and need not be internalized, as it binds to and acts direcdy on the 
activated cell membrane to cause lysis. The ligand may be a ftill native compound, or it may 
instead be the binding domain alone; the latter is preferred where the full ligand is relatively 
large. 

The compounds of the present invention are well-suited for use in gene therapy to 
treat malignant or non-malignant tumors, and other diseases caused by clones or populations 
of "normal" host cells bearing specific receptors (such as lymphocytes), because genes 
encoding a lytic peptide or encoding a lytic peptide/peptide hormone fusion may readily be 
inserted into hematopoietic stem cells or myeloid precursor cells. 

MODES FOR CARRYING OUT THE ESTVENTION 

Several cancer cells (uterine, endometrial, prostate, testicular, and ovarian) express 
LH or hCG receptors. Tao et al,, "Expression of Luteinizing Hormone/Human Chorionic 
Gonadotropin Receptor Gene in Benign Prostatic Hyperplasia and in Prostatic Carcinoma in 
Humans," Biol. Reprod., vol. 56, pp. 67-72 (1997). Conjugates of a lytic peptide and LH or 
a portion of the LH molecule may thus be used to destroy these cells selectively. For 
example, the genes encoding such hormones as FSH, TRH, and LH are known, and may be 
linked to a DNA sequence encoding a lytic peptide to produce a secreted fusion pq)tide, all 
under the control of a suitable promoter such as die acute-phase responsive promoters 
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disclosed in United States patent application S.N. 08/474,678, filed June 7, 1995, and in PCX 
application WO 95/01095, published January 12, 1995. A binding site from a hormone may 
be used in lieu of the entire hormone, for example the fifteen amino acid binding site of LH 
and hCG. See D. Morbeck et al., "A Receptor Binding Site Identified in the Region 81-95 of 
the jS-Subunit of Human Luteinizing Hormone (LH) and chorionic gonadotropin (hCG),** 
Molecular and Cellular Endocrinology, vol. 97, pp. 173-181 (1993). 

A powerful vector that is suitable for transformmg cells to be used in gene therapy is 
the transposon-based vector that is disclosed in United States 5,719,055. 

It is known that the D-amino acid form of GnRH will bind to gonadotropes in the 
pituitary, to GnRH neurons in the brain, and to various types of cancer cells. It is also known 
that the D-amino acid forms of lytic peptides have essentially the same propensity to lyse cell 
membranes as do the L-amino acid forms. Compounds of the present invention (whether 
administered as a fusion peptide or s^arately) may therefore be administered either in L-form 
or D-form. D-form peptides, although generally more expensive than L-form, have the 
advantage that they are not degraded by normal enzymatic processes, so that the D-form 
peptides may therefore be administered orally and generally have a longer biological half-life. 
Oral administration of the D-form peptide may be enhanced by linking the peptide/hormone 
fusion product to a suitable carrier to facilitate uptake by the intestine, for example vitamin 
B,2, following generally the B,2-conjugation technique of G. Russell-Jones et al,, "Synthesis of 
LHRH Antagonists Suitable for Oral Administration via the Vitamin B,2 Uptake System," 
Bioconjugate Chem,, vol. 6, pp. 34-42 (1995). 

GnRH or GnRH analogs (collectively, "GnRH agonists") may be used in the present 
mvention. It has been reported that substitutions at the 6 and 10 positions of the GnRH 
dec^eptide can produce "superagonists" having greater binding affinity to the GnRH receptor 
than does GnRH itself. Tliese "superagonists" include goserelin, leuprolide, buserelin, and 
nafarelin. See U.S. Patent 5,488,036. 

Without wishing to be bound by this theory, it is believed that a mechanism (though 
not the exclusive mechanism) underlying the sterilization/long term contraception aspect of 
this invOTtion is as follows: GnRH activates gonadotropic cells in the pituitary gland, as well 
as neuroendocrine GnRH neurons in the brain. The activated cells have substantially 
increased suscq)tibility to lysis by a lytic peptide. The lytic peptide then preferentially 
destroys (or severely damages) these activated cells. When the gonadotrophic cells in the 
pituitary are destroyed and are derived of GnRH from the brain, the pituitary no longer 
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secretes follicle stimulating hormone (FSH) or luteinizing hormone (LH), rendering the animal 
temporarily or permanently sterUe. 

Although the ligand and the lytic peptide may be administered separately, it is 
preferred to link the two in a single molecule, because such a linkage greatly increases the 
effective concentration of the lytic peptide in the vicinity of ligand-activated cells. 
Furthermore, this increase in the effective lytic peptide concentration can obviate the need for 
activation of the cells, allowing the peptide to be linked to a binding site of a ligand alone, 
without needing to include the "remainder" of a native ligand that would normally be needed 
for activating the target cells. This linkage may be in either order: for example, 
GnRH/peptide or peptide/GnRH. Examples are modified GnRH/hecate (SEQ. ID NO. 3) and 
hecate/modified GnRH (SEQ. ID NO. 4). Note that no intwmediate linker is necessary, and 
that the carboxy terminus of one of the two peptides may be bonded directly to the amino 
terminus of the other. (We have found diat the initial pyro-giutamic acid residue of GnRH or 
of the GnRH portion of a fusion peptide may be substituted with glutamine without 
substantially changing the activity of the respective peptides. See, e.g., SEQ. ID Nos. 9, 3, 
and 4.) 

Experimental Results 

Examples 1-6 

The pituitary gland of an adult female rat was harvested and divided into six sections 
of approximately equal size. One section was placed in each of six wells containing tissue 
culture medium at 37°C, A different treatment was applied to each well, as described below. 
Ten hours after treatment, the tissue from each well was fixed, and the histology of each was 
examined microscopically. 

Treatment 1 applied tissue culture medium alone as a control. The histology of this 
tissue after treatment appeared normal. 

Treatment 2 was an ^plication of 5 nanograms of GnRH (SEQ. ID NO. 1) per mL 
of medium. The histology of this tissue after treatment was normal; a small degree of cellular 
vacuolization was noted. For comparison, the concentration of GnRH in normal, untreated 
rats varies from as low as 1 ng/mL to as high as 20 ng/mL during the LH surge phase of the 
estrous cycle. 

Treatnamt 3 was an application of 50 pM of the lytic peptide hecate (SEQ. ID NO. 
2) in the medium. The histology of this tissue after treatment appeared normal. 

Treatment 4 was an initial ^plication of 5 nanograms of GnRH per mL of medium 
for 15 minutes. Following this incubation, the medium containing GnRH was removed, and 
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the tissue was washed once with plain medium. This medium was then removed, and was 
replaced with medium containing 50 of the lytic peptide hecate. Widespread basophilic 
(gonadotropic) cellular destruction was observed after this treatment. 

Treatment 5 was an application of 50 fM of the fusion peptide modified 
GnRH/hecate (SEQ. ID NO. 3). Widespread basophilic (gonadotropic) cellular destruction 
was observed after the treatment. 

Treatment 6 was an initial application of the fiision peptide GnRH/hecate (SEQ. ID 
NO. 3), followed by a second application of the ftision peptide GnRH/hecate two hours later. 
After treatment the tissue was virtually destroyed, with only stromal cells remaining. 

Example 7 

Two sexually immature female rats from the same litter (age 33 days) were given two 
intravenous injections of saline control solution 24 hours apart. After the rats reached 
breeding age, they were exammed 105 days post-inoculation. The external genitalia appeared 
normal. During a fourteen-day monitoring period 107 days to 121 days post-inoculation, each 
of the control rats completed at least two estrous cycles. The rats were then sacrificed and 
necropsied. The reproductive organs appeared histologically normal. 

Example 8 

Two sexually immature female rats from the same litter as those of Example 7 (age 33 
days) were given two intravenous mjections of 500 fig GnRH/hecate fiision pq)tide in saline 
24 hours apart. After the rats readied breeding age, they were examined 105 days post- 
moculation. TTie external genitalia appeared small. Unlike the control rats, msertion of a 
cotton-tipped swab into the vagina was difficult. During a fourteen-day monitoring period 107 
days to 121 days post-inoculation, neittier of the treated rats demonstrated estrous or 
metestrous. The rats were then sacrificed and necropsied. The p^tide-treated rats had 
thinned, inactive uterine and oviductal epithelia. Their ovaries contained no large follicles, 
and had a higji number of atretic follicles (i.e., those that had failed to ovulate). 

Examples 9-14 

Eighteen sexually mature, mixed breed, female rats were randomly assigned to one of 
six groups containing three rats each. Each group of rats received a double treatment 
inuavenously, as described below. Two weeks after the treatment, the rats were sacrificed 
and necropsied. The reproductive and endocrine organs were sectioned, weighed, and 
exammed histologically. 
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Treatment 9 was a saline control. The rats in this group exhibited normal ovarian 
function (e.g., normal follicles and new corpora lutea). The pituitaries from this group were 
of normal size. Histology showed a normal number of pituitary basophilic cells. 

Treatment 10 was injection with a total of 1.0 mg GnRH/hecate fusion pqptide in 
saline, divided into two equal 0.5 mg injections administered 24 hours ^art. The rats in this 
group showed an arrest of normal ovarian follicular development. Few corpora lutea were 
present, and those that were present appeared old. Follicles were large, and had not ruptured. 
Uterine morphology was consistent with hormonal inactivity. The pituitaries from this group 
were slightly smaller than the pituitaries from the saline control group. Histology revealed a 
60% to 70% reduction in the number of pituitary basophilic cells compared to the controls. 

Treatment 11 was uijection of 100 fiL of a 1.35 mM solution of GnRH (162 ^g) in 
saline, followed 15 minutes later by injection with 100 fiL of a 1.35 mM solution of hecate 
(337 fig) in saline. The same two-step treatment was repeated 24 hours later. The rats in this 
group showed altered ovarian histology. Few corpora lutea were present, and those that were 
present appeared old. Follicles were large, and had not ruptured. Uterine morphology was 
consistent with hormonal inactivity. The pituitaries and the pituitary histology were similar to 
those observed in Treatment 10. 

Treatment 12 was injection of 100 fiL of a 1.35 mM solution of hecate (337 iig) in 
saline. The treatment was r^)eated after 24 hours. The rats in this group exhibited normal 
ovarian function (e.g., normal follicles and new corpora lutea). The pituitaries and the 
pituitary histology were similar to those observed in Treatment 9. 

Treatment 13 was injection of 100 fiL of a 1.35 mM solution of GnRH (162 fig) in 
saline. The treatment was repeated after 24 hours. The rats in this group exhibited normal 
ovarian function (e.g., normal follicles and new corpora lutea). The pituitaries and the 
pituitary histology were similar to those observed in Treatment 9. 

Treatmmt 14 was identical to Treatment 10, except that the GnRH/hecate fusion 
peptide was further purified by HPLC. The rats in this group showed an arrest of normal 
ovarian follicular development. Few corpora lutea were present, and those that were present 
appeared old. Follicles were large, and had not ruptured. Uterine morphology was consistent 
with hormonal inactivity. The pituitaries and the pituitary histology were similar to those 
observed in Treatment 10. 

These experiments demonstrate that GnRH and the lytic pq)tide may be administered 
either separately or as a fusion pq)tide, although the fusion p^tide is preferred as it is 
expected to be more active at lower doses. 
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Although experiments to determine optimum dosages had not been performed by the 
time this ^plication is being filed, a person of ordinary skill in the art, who is given the 
teachings of the present specification, may readily ascertain optimum dosages through routine 
testing. 

Although the experiments to date have been performed on female animals, similar 
results are expected for male animals, because GnRH signals pituitary cells to release 
gonadotropins in both males and females. 

Tissue and cell specificity of cytotoxic conjugates could be further enhanced by using 
various hormones or hormone analogs coupled to a lytic peptide. Some examples follow. For 
fertility control, both the pituitary and the central GnRH neuronal component of the 
reproductive axis are selectively damaged by GnRH-hecate conjugate. Few cells in the central 
nervous system should be damaged by this treatment, because the chicken II GnRH and 
lamprey III GnRH forms are the primary molecules affecting brain function in most manmials. 
Fertility control may also be selectively accomplished by treating animals with a bLH-hecate 
conjugate; this compound should specifically affect GnRH neurons controlling reproduction 
and the gonads. To target prostatic, breast, ovarian, or endometrial cancer cells, the l-LHRH- 
Ill-hecate conjugate could be used since it binds to receptors on cancer cells, and has no 
significant known action on the brain. (Other lytic peptides may be used in place of hecate in 
these conjugates.) 

The compositions of the present invention may be administered as described, or as 
pharmaceutically acceptable salts. The compositions may be admmistered intravenously, 
subcutaneously, intramuscularly, or orally (especially when in D-amino acid form, preferably 
complexed with a carrier, e.g., vitamm B12). 

Applications of the present invention include long-term contraception or sterilization in 
humans; and long-term contraception or sterilization in domesticated or wild mammals, birds, 
reptiles, amphibians, bony fish, cartilaginous fish, jawless fish, and invertebrates such as 
insects or molluscs. Domesticated manunals in which this invention may be used include, for 
example, dogs, cats, cattle, horses, pigs, and she^. When used in humans, long-term 
replacement hormone therapy may be needed to prevent undesirable side effects, such as 
premature menopause. Administration of gonadotropic hormones in a sterilized individual 
will temporarily restore fertility if desired. The sterilization is reversible in diis sense. 
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As one example, this invention may be used in the humane population control of an 
unwanted introduced species. 

Sterilization of domesticated birds such as chickens and turkeys can mcrease their 
growth rate. Avian GnRH or analogs may be used in practicing this invention to sterilize 
birds. There are two forms of avian GnRH - Chicken I GnRH (SEQ. ID NO, 17) and 
Chicken 11 GnRH (SEQ. ID NO. 18). Either form of avian GnRH may be used in this 
invention. In a preferred embodiment, position 6 of Chicken I GnRH is linked to a lytic 
peptide such as hecate to form a fusion peptide. Alternatively, a GnRH agonist or antagonist 
may be used. A series of agonists and antagonists has been synthesized by I. Mezo et al,y 
"Synthesis of GnRH analogs having direct antitumor and low LH-releasing activity," Biomed, 
Peptides, Proteins & Nucleic Acids, vol. 2, pp. 33-40 (1996). 

When used to treat insects that are pests to crop plants or other plants, it may be 
desirable to incorporate genes encoding the p^tide/ligand combination into the plant's 
genome, under the control of a promoter that expresses the peptide in tissues of the plant that 
are attacked by the insect, but not in tissues that are used for food. For example, in a potato 
a promoter could be used that is active in the leaves of the plant, but not in the tuber. 
Expression in the plant tissue could be constitutive, or alternatively could be induced by 
stimuli that induce the plant's native defense mechanisms, for example by placing the peptide 
gene under the control of native promoters that are so mduced in plants. See, e.g.. United 
States patent ^plication S.N. 08/279,472, filed July 22, 1994. 

When used to sterilize aquatic animals such as fish or molluscs, the compounds of the 
present invention may be simply administered in the water, from which they will be taken up 
by the animals in adult, juvenile, or larval stages. Preferably, the peptides are encapsulated in 
liposomes, which are fed to the animals as spat, fry, juveniles, or adults; the animals feed on 
the liposomes, which then release the compounds into the animal's circulation, causing 
sterilization. Alternatively, the peptides may be injected into an animal that has readied 
sufficient size. 

For example, the compounds may be used to sterilize undesirable exotic molluscs such 
as the zebra mussel. Sterilization of aquaculture species may also be desirable. For example, 
sterilization of oysters will prevent the oysters from ripening gonads in the sununer (when 
they would otherwise do so), thereby improving their marketability. 

Examples 15-22 

Eight sexually mature, Sprague-Dawley female rats were randomly assigned to one of 
eight treatments. Each group of rats received a single treatment intravenously, as described 
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below. Rats were sacrificed and necropsied either 48 or % hours after treatment. The 
ovaries, uterus, pancreas, liver, spleen, lungs, heart, thyroid, and adrenal glands were fixed in 
10% buffered formalin; sectioned; and stained with H&E (hematoxylin and eosin) stain; 
except that the pituitary glands were stained witii PAS (periodic acid-Schiff) stain with no 
counter-stain. The treatments were selected so that each animal received an equimolar amount 
of the compound with which it was treated. 

Treatments 15 and 16 were IV-injection with 674 /xg of D-hecate in 200 saline 
(1.35 mM). The rat in treatment 15 was sacrificed 48 hours after injection, and the rat in 
treatment 16 was sacrificed 96 hours after injection. No gross lesions were noted in the 
organs of either animal. The pituitary glands of both rats contained a normal number of PAS- 
positive cells. 

Treatments 17 and 18 were IV-injection with 334 ^g of GnRH in 200 fiL saline 
(1.35 mM). The rat in treatment 17 was sacrificed 48 hours after injection, and the rat in 
treatment 18 was sacrificed 96 hours after injection. No gross lesions were noted in the 
organs of either animal. The pituitary glands of both rats contained a normal number of PAS- 
positive cells. 

Treatments 19^22 were IV-injection with 1 mg GnRH-hecate fusion peptide (SEQ. ID 
NO. 3) in 100 fiL saline 0^.7 mM). The rats in treatments 19 and 20 were sacrificed 48 
hours after injection, and the rats in treatments 21 and 22 were sacrificed 96 hours after 
injection. No gross lesions were noted in the organs of any of the four animals, other than 
the pituitary. The pituitary glands of the animals from treatments 19 and 20 were slightly 
enlarged, hyperemic, and edematous. The pituitary glands of the animals from treatments 21 
and 22 were slightly hyperemic, but of expected size. The pituitary glands of all four rats 
showed a marked depletion of PAS-positive cells; it was estimated that the depletion was 80 to 
90% compared to those of control groups. (PAS stain preferentially stains glycopeptides. 
LH, FSH, TSH, and MSH are glycopeptide hormones; cells containing these hormones stored 
in their secretory vacuoles stain positive with PAS.) 

It was thus seen that the GnRH-lytic p^tide combination caused morphological and 
functional alterations in the adult female rat reproductive system, and in preventing sexual 
maturity in pre-pubertal female rats, but that the fusion p^tide selectively eliminated a 
specific population of PAS-positive staining cells in the pituitary. 
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Example 23 

Hecate is an amphipathic lytic p^tide that acts on cell membranes without being 
internalized. It is a synthetic pq)tide analog of melittin, the primary toxin in honeybee 
venom. Hecate is believed to act by disrupting cell membranes. The structure of tfie 
modified GnRH-hecate conjugate used in these studies was SEQ. ID NO. 3. 

We also synthesized D-Lys'^GnRH (SEQ. ID NO. 13), so that hecate could be 
conjugated to the D-Lys**, a position that could minimize interference with binding of the 
GnRH domain to the GnRH receptor. These synthetic peptides specifically displaced 
radiolabelled monoiodinated-GnRH from rat pituitary membranes. Displacement by D- 
Lys*GnRH-hecate was comparable to (and actually slightly greater than) displacement by 
native manmialian GnRH, as measured by cpm of radioactivity. When GnRH and GnRH- 
hecate binding were compared on a molar basis over a 1000-fold concentration range (n = 6) 
the GnRH-hecate specifically displaced the radiolabelled peptide to an extent equal to 
123% ± 4% of the binding exhibited by equimolar concentrations of GnRH; equimolar 
concentrations of D-Lys*GnRH displaced 187% ± 8% of the cpm displaced by native GnRH. 

Examples 24-31 

We studied in vitro lysis of bovine luteal cells with GnRH-hecate conjugate and with 
hecate-bLH conjugate (SEQ. ID NO. 12). (The bLH component of the conjugate is a 15-mer 
fragment of the beta chain of luteinizing hormone, SEQ. ID NO. 11). Small luteal cells were 
collected from catde corpora lutea post-slaughter. Small luteal cells are rich m LH receptors, 
and were found to be highly susceptible to lysis by the hecate-bLH conjugate. 

Small luteal cells in culture were incubated with one of the following treatments for 22 
hours, and were then examined for viability using Trypan Blue exclusion and release of lactic 
dehydrogenase. 

Treatment 24 control: no additional treatment (media alone) 

Treatment 25 10 ng bLH (positive control) 

Treatmmt 26 hecate-bLH, 10 

Treatment 27 hecate-bLH, 5 ^iM 

Treatment 28 hecate-bLH, 1 fiM 

Treatmait 29 hecate (alone), 10 

Treatment 30 hecate (alone), 5 pM 

Treatmott 31 hecate (alone), 1 iiM 
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Significant killing of small luteal cells was observed following 22 hr. incubation with 
10 fiM hecate alone, and with 5 fiM hecate alone (approximately 50% killing). Cell death for 
1 fiM hecate alone did not differ significantly from negative control (media) or from bLH 
alone. All three treatment doses with hecate-bLH caused significant increases in cell death as 
compared to treatment with hecate alone. The hecate-bLH conjugate killed approximately 
twice the nimiber of cells as were killed by hecate alone at the same concentrations. 

Observed levels of lactic dehydrogenase activity also demonstrated that the hecate-bLH 
treatment killed a significantly greater number of cells than did hecate alone. 

Examples 32^33 

We also studied in vitro lysis of bovine granulosa cells with GnRH-hecate conjugate 
and with hecate-bLH conjugate. Granulosa cells were isolated from bovine pre-ovulatory 
follicles. (Granulosa cells are hormonally active cells with numerous LH receptors.) Our 
experiments with granulosa cells were otherwise generally similar to those described above for 
Examples 24-31. These experiments demonstrated (1) that the granulosa cells were much 
more susceptible to killing by hecate alone than were the small luteal cells, and (2) that, as 
had been the case with the small luteal cells, the granulosa cells were significantly more 
susceptible to hecate-bLH at even the lowest concentration (1 fiM) than they were to hecate 
alone. At 1 /xM, the hecate-bLH conjugate killed about twice the number of target cells as did 
hecate alone. Again, the levels of lactic dehydrogenase released following the hecate-bLH 1 
fiM treatment were significantly higher than the levels of enzyme released following treatment 
with 1 ixM hecate alone. 

Additional studies (data not shown) demonstrated that a 15-mer fragment of the bLH 
subunit specifically bound to LH receptors on the target granulosa cells, but did not initiate 
the production of steroid hormones that would be indicative of a stimulus-coupled response. 
We thxxs demonstrated that the selective killing of target cells resulted from the physical 
proximity of the lytic peptide to the cell, which was caused by binding of the LH subunit. 
Stimulation of target cell hormone production was not required for cell lysis. This result was 
surprismg, as we had previously e>^ected that activation of the target cells was required for 
increased susceptibility to lysis. These data demonstrate that such activation is not required. 
These data are, however, consistent with our other data showing that cell activation is also a 
route that can lead to increased suscq^tibility to the lytic peptide. 

Examples 34-37 

Another set of experiments was performed to study the in vivo effects of the GnRH- 
hecate conjugate on female rats and rabbits. The ovaries, uterus, oviducts, adrenals, spleen, 
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thyroids, pancreas, liver, lungs, and heart were processed for histological analysis. The 
pituitaries were processed for histological analysis of PAS-stained cells and for cells stained 
immunocytochemically for bLH, BFSH (bovine follicle stimulating hormone), 
adrenocorticotropic hormone, and other proopiomelanocortin peptide products (most notably 
alpha-melanocyte stimulating hormone (MSH)), thyroid stimulating hormone (TSH), prolactin 
(PRL), vasopressin (VP), oxytocin (OXY) or growth hormone (GH). The 
iramunocytochemical staining procedures we used followed generally the procedures of M. 
Rahmanian et al,, "Histological and inmiunocytochemical characterization of pituitary cell 
types in ponies," Proc, J 3th Soc. Equine Nutrition & Phys. Symp., pp. 348-349 (1993); M. 
Rahmanian et al., "Immunocytochemical localization of lutemizing hormone and follicle- 
stimulating hormone in the equine pituitary," J. Anim, Sd., vol. 76, pp. 839-846 (1998); M. 
Rahmanian et al,, "Iramunocytochemical localization of prolactin and growth hormone in the 
equine pituitary," Animal 5d., vol. 75, pp. 3010-3018 (1997); and P. Melrose et al,, 
"Comparative topography of the inununoreactive alpha-melanocyte-stimulating hormone 
neuronal system in the brains of horses and rats," Brain Beh. & EvoL, vol. 32, pp. 226-235 
(1988). 

Brains were serially sectioned on a Vibrotome from the level of the diagonal band of 
Broca to the mammillary body. Alternate sections were consecutively divided into four to five 
dishes, and sections in alternate dishes were stained with cresyl violet, or were stamed 
unmunocytochemically for GnRH or the GnRH precursor, VP, OXY, or tyrosine hydroxylase 
(the rate-limiting enzyme in catecholamine synthesis). In addition to the staining procedures 
cited above, we also used the immunocytochemical staining procedures of P. Melrose et al,y 
"Distribution and morphology of inmiunoreactive gonadotropin-releasing hormone (GnRH) 
neurons in the basal forebram of ponies," /. Comp. Neurol vol. 339, pp. 269-287 (1994); 
and P. Melrose et al., "Topography of oxytocin and vasopressin neurons in the forebrain of 
Equus caballus: Further support of proposed evolutionary relationships for 
proopiomelanocortin, oxytocin and vasopressin neurons," Brain, Beh. & EvoL, vol. 33, pp. 
193-204 (1989). 

Thirty-three-day-old, sexually inunature female rats were given intravenous 
administrations as follow: 

Treatment 34: 0.03 /ig GnRH (a normal physiological dose) (two rats) 

Treatment 35: 1.62 /ig GnRH (the molar equivalent to the amount of GnRH 

in Treatment 36) (one rat) 

Treatment 36: 0.5 mg GnRH-hecate (one rat) 
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Treatment 37: 0.03 /ig GnRH, followed 1 1 minutes later by 0.337 hecate 

(two rats). 

Animals were sacrificed 14 days after treatment. As compared to the two GnRH 
control groups, the treatment with GnRH-hecate and the treatment with GnRH followed by 
hecate alone reduced pituitary weights by 13% and 14%, respectively, and reduced the 
numbers of bLH-specific gonadotropes by 92% and 87%, respectively. Further, following 
these two experimental treatments the cell bodies of GnRH-stained neurons in 
hypophysiotropic areas of the brain were firequendy deformed; and a substantial amount of 
immunoreactive material leached into surrounding areas where numerous cell bodies are 
concentrated (the organum vasculosum of the lamina terminalis). There was histological 
damage to cells from the two experimental treatments in the CI and C3 fields of the 
hippocampus, and increased stainmg of parvicellular VP neurons in the paraventricular 
nucleus. (The VP staining may have been caused by formation of a precipitate in certain 
areas of the brain. Subsequent studies with more highly purified peptide did not show a 
precipitate). The change in VP expression, probably in corticotropin-releasing neurons, may 
cause a shift in the post-translational processing of proopiomelanocortin pqatide products in 
the pars distalis, since GnRH-hecate and GnRH + hecate treatments reduced 
adrenocorticotropic hormone levels and increased the number of alpha-MSH-stained cells in 
this subdivision of the pituitary. No pathological changes were noted in any other tissues. 

Since neurons in the brain do not regenerate, severe damage to these neurons could 
make sterilization with a GnRH/lytic peptide combination permanent (but temporarily 
reversible by administration of gonadotrophic hormones). 

Examples 38-42 

Sexually immature (33 day old) female rats (randomly allocated into groups of three) 
were injected intravenously with saline or GnRH-hecate in saline as follows: 
Treatment 38: 0.0 mg GnRH-hecate 
Treatment 39: 0,1 mg GnRH-hecate 
Treatment 40: 0.5 mg GnRH-hecate 
Treatment 41: 1 .0 mg GnRH-hecate 
Treatment 42: 1.5 mg GnRH-hecate. 

Animals were sacrificed at 24 hours or at 14 days aft^ treatment. Results were 
similar to those r^orted above for Examples 34-37, except that no precipitate was found in 
the brain, and VP staining in the CNS was not altered. The treatments with higher levels of 
GnRH-hecate produced a large number of GnRH-receptor-containing neurons having abnormal 
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morphologies, including distortion of the somatic portion of the cells, and degeneration of 
neurites. In the rats sacrificed fourteen days after treatment, 66% and 87% of the GnRH- 
receptor-contaming neurons were abnormal in the rats that had received 1.0 and 1.5 mg of 
GnRH-hecate, respectively. Axonal degeneration in the 1.5 mg GnRH-hecate group was 
accompanied by over 90% reduction in median eminence staining for GnRH. 

Examples 43-45 

Seven sexually mature female New Zealand rabbits were injected intravenously with 
saline containing GnRH-hecate as follows: 

Treatment 43: 0 mg GnRH-hecate (n = 3) 
Treatment 44: 5 mg GnRH-hecate (n = 3) 
Treatment 45: 10 mg GnRH-hecate (n = 1). 

Forty-six days later all rabbits were injected intramuscularly with 100 /tg GnRH. 
Blood samples were collected at 0, 1, 4, and 24 hours, and LH and FSH levels in the blood 
samples were measured by radioinmiunoassay. Hormone analyses revealed that both control 
and experimental animals released LH in response to the GnRH, suggesting that there may be 
at least some degree of reversibility following treatment, at least for pituitary gonadotropes at 
lower doses of ligand/peptide. TTie rabbits were sacrificed the next day (day 47) for 
postmortem histological analysis. We found that the numbers of tertiary follicles, corpora 
lutea, and GnRH-induced ovulations were reduced by GnRH-hecate treatment. Ovarian and 
pituitary weights were reduced by the 10 mg GnRH-hecate treatment. In tissues from the 
GnRH-hecate treatments, observed inununoreactive GnRH was faint and diffusely localized in 
CNS areas normally containing cell bodies; normal individual cell bodies were reduced in 
number by at least 50%; and the terminal fields, which normally contain the axons of GnRH 
receptor neurons, were not stained for GnRH. These observations suggest that the most 
pronounced effects of the GnRH-hecate treatments m these experiments on rabbits may have 
been on neuroendocrine neurons in the brain. The hippocampus and other areas of the brain 
containing high concentrations of GnRH were not discemibly affected by GnRH-hecate 
treatments. The GnRH-hecate treatment increased the number of PAS-stained pituitary cells 
in the pars distalis to 177% of that for control rabbits; this increase appeared to reflect 
increased numbers of cells staining alpha-MSH, and reduced numbers of cells stainmg for LH. 

Examples 46-47 

Nine sexually mature female rabbits were injected intravenously with saline containing 
0 mg (n = 4) (Treatment 46) or 10 mg GnRH-hecate (n = 5) (Treatment 47). Rabbits were 
injected intramuscularly with GnRH on day 6 posttreatment. Blood samples were collected 
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for radioimmunoassay of LH and FSH as described above, and the animals were sacrificed on 
day 7 post-treatment. Both control and experimental animals released LH in response to the 
GnRH; however, the amount of LH released was lower in the treated animals than in the 
controls. The GnRH-hecate treatment reduced the numbers of tertiary ovarian follicles, and 
the numbers of GnRH-induced ovulations. No effects were noticed either on peripheral 
tissues or on pituitary weight. The effects of GnRH-hecate on CNS morphology and 
immunocytochemical results were similar to those described above in Examples 34-45. 
Again, the effects were more pronounced on GnRH neurons than on staining of pituitary 
gonadotropes. 

The number of ovulation sites in rabbits m Examples 46 and 47 treated with 10 mg 
GnRH-hecate were reduced as compared to saline controls. The mean number of ovulation 
sites in four saline controls equalled 12.2 ± 5.4, with S.E.M. = 2.7. The mean number of 
ovulation sites in the five rabbits given 10 mg of GnRH-hecate was 3.6 ±1.1, with 
S.E.M. == 0.5. This difference from control was significant (p = 0.025). 

The "LH surge" (the level of LH at one hour post-GnRH diallenge, minus the resting 
level before challenge) in the four controls was 61.2 ± 16.5 ng/mL, with S.E.M. = 8.3; and 
in the treated group was 49.6 ± 26.1 ng/mL, with S.E.M. = 12 (p = 0.22). Thus there was 
a trend towards lower LH levels in the treated group. 

The in vivo studies clearly demonstrated that the GnRH-hecate conjugate selectively 
damaged GnRH receptor-bearing cells in the brain (neurons) and in the pituitary 
(gonadotrophic cells). Further, these studies demonstrated a significant alteration in the 
ovary, presumably a consequence of alteration in the reproductive centers of the brain- 
pituitary axis. Selectivity of the conjugate was demonstrated by the following observations: 
(1) No cytotoxic changes were seen in neurons that lacked GnRH receptors. (2) No changes 
were seen in pituitary cells that lacked GnRH receptors. (3) No changes were seen in other 
endocrine and non-endocrine tissues (except for the ovary, which presumably responded 
indirectly to the destruction of gonadotrophs in the pituitary). 

Many of the events referred to as "ovulations" in the GnRH-hecate treated rabbits 
possibly were not functional ovulation sites, but may instead have represented hemorrhagic 
pre-ovulatory degenerative changes. Additional breeding trials will be conducted to verify that 
ovulation of functional ova is prevented. 
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Esuunples 48-51 

The following examples demonstrated the ability of a GnRH-lytic pqptide combination 
to reduce fertility in insects. It was also unexpectedly discovered that the lytic peptide alone 
(i.e., administered without GnRH) had similar effects. Although insects are not believed to 
secrete a GnRH identical to that found in mammals, there appears to be some homology, in 
that the insects did respond to mammalian GnRH, and to GnRH linked to the lytic peptide 
hecate. 

Late-stage Diatraea saccharalis (sugar cane borer) pupae were inoculated with 1 .0 fiL 
of saline solution containing 1.35 mM concentration of pqptide as stated, or saline alone as 
control. The pupae were allowed to complete metamorphosis. No gross morphological 
defects were observed in any of the insects completing metamorphosis. Adult female moths 
were allowed to mate with treated males, and then lay eggs. The viability of the eggs was 
measured by counting the number hatching into larvae. 

Treatment 48 was the control, inoculation of 21 pupae with saline alone. Twelve of 
the pupae completed metamorphosis into adult moths (4 males, 8 females). The 8 females laid 
a total of about 900 eggs, an average of about 1 12 eggs per female. About 22% of these eggs 
hatched, or about 25 hatched larvae per female. 

Treatment 49 was inoculation of 10 pupae with 1.35 mM GnRH. Four of the pupae 
completed metamorphosis into adult moths (2 males, 2 females). The 2 females laid a total of 
about 300 eggs, or an average of about 150 eggs per female. About 40% of these eggs 
hatched, or about 60 hatched larvae per female. 

Treatment 50 was inoculation of 10 pupae with 1.35 mM GnRH-hecate (SEQ. ID 
NO. 3). Eight of the pupae completed metamorphosis into adult moths (3 males, 5 females). 
The 5 females laid a total of about 200 eggs, or an average of about 40 eggs per female. 
About 40% of these eggs hatched, or about 16 hatched larvae per female. 

Treatment 51 was inoculation of 10 pupae with D-hecate. Six of the pupae 
completed metamorphosis into adult moths (2 males, 4 females). The 4 females laid a total of 
18 eggs, or an average of 4.5 eggs per female. 100% of these eggs hatched, or 4.5 hatdied 
larvae pw female. 
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It was thus observed Aat, compared to controls, females treated with GnRH alone in 
the late pupal stage had enhanced reproductive success; those treated with the GnRH-hecate 
combination had decreased reproductive success; and those treated with D-hecate alone had 
even lower reproductive success. 

Without wishing to be bound by the following hypothesis, it is believed that these 
results may be explained as follows. Due to (as yet unidentified) sequence homology across 
taxa, small peptides active in the control of mammalian reproduction also influence 
reproductive function in insects. See W. Theunis et al., "Luteinising Hormone, Follicle 
Stimulating Hormone and Gonadotropin Releasing Hormone Immunoreactivity in Two Insects: 
Locusta migratoria mgratoroides R & F and Sarcophaga bidlata (Parker)," Invert. Reprod. 
and Develop., vol. 16, pp. 111-117 (1989); and P. Verhaert et al., "Substances Resembling 
Peptides of the Vertebrate Gonadotropin System Occur in the Central Nervous System of 
Periplaneta americam L.," Insect Biochem., vol. 16, pp. 191-197 (1986). 

This activity is probably mediated by the inherent ability of these peptides to react 
with appropriate intermediate cells by a ligand-receptor mteraction, thus altering the functional 
activity of the intermediate cells. More particularly, insects have a receptor that responds to 
mammalian GnRH. GnRH alone stimulates reproductive activity in insects. GnRH coupled 
to a lytic peptide attacks the intermediate cells in the insects, inhibiting reproductive activity. 

The results observed for the D-hecate administered without GnRH were surprising, 
and are explained somewhat differently, again without wishing to be bound by the following 
hypothesis. Metamorphosis is a time of high cell activity. Lytic peptides generally have 
greater activity against active cells. The observed response to hecate alone is believed to be a 
generalized response by activated cells, not a specific response mediated by a receptor. The 
fact that the D-conformation of hecate was used in this experiment may be significant, since 
D-form peptides generally have a longer biological half-life. It is currently unknown whether 
similar results would be seen with L-hecate alone, p-hecate was used in Treatment 26 for 
the simple reason that previously-synthesized D-hecate was readily available to the 
investigators.) 

Treatment of Malignant and Benign Tumors 

The compositions of the present invention are useful in killing or inhibiting the growth 
of malignant and benign tumor cells that express receptors for GnRH, LH, hCG, 1-LHRH-III, 
or steroids. The ligand is administered with a lytic peptide (either sequentially, or linked to 
one another), and the targeted tumor cells are killed or inhibited. 
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In treating hormone- or ligand-1 inked cancers (e.g., cancers of the ovary, testis, 
breast, uterus, endometrium, pituitary, and prostate), lytic pq)tides may be attached to the 
hormone for whidi the tumor expresses a receptor or set of receptors, e.g., an estrogen, 
testosterone, LH, FSH, estradiol-17j3, transforming growth factor alpha (TGFa), epidermal 
growth factor (EGF), GnRH, LH, hCG, lamprey 01 LHRH (1-LHRH-III), and melanocyte 
stimulatmg hormone. For example, an ester linkage of a lytic peptide to estradiol or 
testosterone can conveniently be made by condensing the carboxy terminus of the lytic peptide 
with the hydroxyl group at the 17-carbon position of the steroid. An estradiol/lytic peptide 
combination may be used as a treatment against breast or ovarian cancer; and a 
testosterone/lytic peptide combination may be used to treat prostate cancer. In addition, the 
specific binding domains of the peptide hormone LH or FSH may be used in fusion peptides 
with a lytic peptide to selectively bind the fusion peptide to target tomor cells with cell surface 
receptors for these hormones. For example, the receptor binding site of the jS-subunit of LH 
and hCG may be used (SEQ. ID NO. 1 1). See Morbeck et at., MoL and Cell Endocrin., vol. 
97, pp. 173-186(1993). 

Pitidtaiy Tumors 

The anterior pituitary contains different types of epithelial cells that control the 
complex processes of growth, reproduction, lactation, thyroid function, and adrenal functions. 
Due to the high functional plasticity of pituitary cells (i.e., their ability to differentiate into 
different cellular phenotypes in response to stimuli), these cells are particularly prone to 
aberrant behavior. Because many of the signals to which the pituitary responds are receptor- 
mediated, pathological states may be controlled by co-opting the appropriate ligand-receptor 
interaction. Several examples are given below. 

Dopamine Receptors in Prolactinomas and other Adenomas 

Chronic dopamine deficiency has been associated with some types of pituitary tumors. 
In certain adenomas the number of dopamine binding sites is reduced by about 50%, and the 
number can be reduced even further during dopaminergic ther^y. It has also been reported 
that nerve growth factor can stimulate prolactinoma cells to re-express dopamine rec^tors. 
Pretreating a prolactinoma with nerve growth factor before treatment with a dopamine/lytic 
pq)tide combination makes it susceptible to treatment through the presfent invention. The lytic 
peptide may be linked to dopamine, for examine, by an amide group formed by condensing 
the carboxy terminus of the peptide with the amino group of dopamine. 
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This therapy will be effective not only for prolactinomas, but also for other adenomas 
expressing dopamine receptors, such as growth hormone-secreting adenomas, thyrotropin- 
releasing hormone secreting adenomas, and gonadotropin-secretmg adenomas. 

Somatostatin Receptors in Growth Hormone-Secreting Adenomas 

It has been reported that growth hormone (GH)-secreting adenomas have a highly 
variable number of somatostatin recq)tors. (Variation by at least a factor of 10 may be seen 
among individual tumors.) There is also considerable variation in the distribution of binding 
sites: the somatostatin receptors may be homogeneously distributed, located exclusively in 
one portion of the tumor tissue, or in between. 

Somatostatin receptors are also present in other types of pituitary tumors. It has been 
reported that the cell surfaces of a majority of GH- and thyrotropin releasing hormone (TRH)- 
secreting adenomas have an elevated number of somatostatin receptors. 

Such mmors may be treated by the present invention by a somatostatin/lytic peptide 
combination. 

Other PituitoFy Adenomas 

Other ligands that may be used in a ligand/lytic peptide combination to treat other 
pituitary adenomas include TRH, MSH, GnRH, corticotropin-releasing hormone, growth 
hormone-releasing hormone, vasoactive intestinal polypeptide, and pituitary adenylate cyclase 
activating peptide. A short chain analog of aMSH that may be used in place of MSH is S^- 
Tyr-Cys-Met-Glu-His-Phe-Arg-Trp-Asn-Lys-Pro-Val-NH^ (SEQ. ID NO. 10). 

Other Endocrine-Related Diseases 

In other applications, the ligand/lytic peptide combination of the present invention may 
be used to treat endocrine-related diseases generally. Where a disease is causally related to 
dysfunction of cells having certain hormone receptors, cells with such receptors may be 
selectively inactivated by administering a combination of the hormone and a lytic peptide. 

In an alternative approach, it has previously been noted that it is beneficial to reduce 
levels of LH and FSH in breast and prostate cancer patients. If the gonadotropes in the 
pituitary are selectively killed with a GnRH/lytic peptide combination, thwi the pituitary will 
no longer secrete LH and FSH. The reduced levels of these hormones thus resulting will help 
control the spread of the cancers. This alternative, indirect approach may be used in lieu of, 
or in addition to, treating the cancers directly with a LH/lytic peptide or FSH/lytic peptide 
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combination. Chronic administration of GnRH has previously been used to down-regulate its 
receptors, and thus effectively remove LH from circulation, resulting in '^chemical castration" 
of prostatic cancer patients. However, GnRH and certain GnRH analogs also have direct 
effects on prostatic cell growth. 
5 By analogy, it is well-established that surgical removal of the anterior pituitary is 

effective in treating sex hormone-related diseases. Chemical destruction of gonadotrophic 
cells in the pituitary through the present invention will therefore have similar effects on sex 
hormone-related diseases, but without the attendant risks and complications of surgery. 

10 Examples 52-58 

In these experiments we demonstrated in ^ntro lysis of human prostate cancer cell 
lines. LNCaP FGC and DU145 human prostate cancer cell lines were purchased from the 
American Type Culture Collection (ATCC, Rockville MD), ATCC accession numbers CRL 
1740 and HTB-81, respectively. The LNCaP FGC adenocarcinoma cell line was originally 
15 obtained from a 50 year old male Caucasian. LNCaP FGC cells are sensitive to 

dihydrotestosterone and to estrogens (A-h). Hie DU145 carcinoma was originally isolated 
from the brain of a 69 year old male Caucasian with metastatic carcinoma of the prostate; this 
cell Ime is not sensitive to steroid hormones (A-). 

Cells were detached from culture flasks, and 1000 cells/well were transferred to 24 
20 well culture plates. The cells were incubated for 24 hours with 10% calf serum. Cells were 

subsequently incubated without serum for 48 hours. Cells were then incubated for 22 hours 
with one of the following treatments: 

Treatment 52: 10 luteinizmg hormone (LH) 

Treatment 53: 30 i»M free hecate 
25 Treatment 54: 90 ilU hecate-bLH 

Treatment 55: 60 /iM hecate-bLH 

Treatmoit 56: SO pM GnRH-hecate 

Treatmait 57: 10 GnRH-hecate 

Treatment 58: FSH pre-treatment, followed by 90 fiM hecate-bLH 
30 Trypan blue exclusion was used to assess viability of the cells after treatment. The treatment 

that most consistently and effectively killed both the A+ and the A- cancer cell lines was the 
higher dose (50 pM) of GnRH-hecate. The lower dose (10 yM) of GnRH-hecate was equally 
effective against the androgen-insensitive DU145 cells. The DU145 cells were also killed by 
hecate alone. However, treatment with a lytic peptide alone may not be selective in vivo 
35 unless specific cell types are separately stunulated, for example by hormones controlling then- 
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activity. The hecate-bLH conjugate killed almost all DU145 cells, but had little effect on A+ 
LNCaP. This result is consistent with specific binding of LH to DU145 cells but not to 
LNCaP cells. LH specifically binds DU145 cells, but we have not been able to consistently 
measure specific binding of LH to the A+ LNCaP cells. The LNCaP cells pre-treated with 
FSH were more sensitive to the hecate-bLH conjugate than those that were not pre-treated. 

Other Applications, including Treatment of Autoimmune Diseases, and Targeting of 

Abnormal CeUs 

This invention may be used wherever it is desirable to specifically inhibit abnormal (or 
normal) cells that are driven by or are dependent on specific ligand interactions. As another 
example, this invention may be used in treating autoimmune diseases for which the antigen or 
epitope responsible for the autoinmiune disease is known. 

Specific immune responses are mediated by B-lymphocytes, T-lymphocytes, or both. 
When lymphocytes inappropriately attack "self* instead of "non-self," a variety of 
autoimmune diseases can result, some of which can have devastating consequences. Diseases 
that have been associated with autoinununity include rheumatoid arthritis, juvenile rheumatoid 
arthritis, systemic lupus erythematosus, Addison's disease, Goodpasture's syndrome, 
autoimmune hemolytic anemia. Grave's disease, Hashimoto's thyroiditis, idiopathic 
thrombocytopenia purpura, insulin-dependent diabetes mellitus, myasthenia gravis, myocardial 
infarction, aplastic anemia, pernicious anemia, poststreptococcal glomerulonephritis, 
spontaneous infertility, ankylosing spondylitis, scleroderma, and Sjogrens' syndrome. 

Whether mediated by T-cells or B-cells, autoimmune disease is characterized by 
lymphocytes with specific receptors for a self epitope that triggers their function - i.e., 
antibody secretion, proliferation, secretion of cytotoxic factors, or secretion of inflanmiatory 
cytokines. These responses cause damage or destruction to self cells or organs. 

The specific antigens and even q)itopes that act as ligands to stimulate the 
lymphocytes have been identified for several autoinunune diseases, typically by the in vitro 
proliferative response they induce in lymphocytes. For example, thyrotropin has been 
implicated as the self-antigen recognized by lymphocytes in Hashimoto's Disease. Where the 
epitope is known, the autoinunune disease may be treated by admmistering a compound 
containing that epitope linked to a lytic peptide, which will selectively delete clones of the 
autoreactive lymphocytes. 

TTiere have previously been no general treatments for autounmune diseases. Prior 
treatments have included cytotoxic compounds, and high doses of corticosteroids, both of 
which have risks in long-terra therapy. Neither selectively targets autoreactive lymphocytes. 
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Certain abnormal cells (e.g., virally-infected cells such as HIV-infected cells, cancer 
cells) display surface receptors that are not found on normal cells. In some cases, these 
receptors are encoded by viral nucleic acids. Uganda for these receptors, such as 
monoclonal antibodies to those receptors, or the receptor/ligand pairs shown in Table 2 of D. 
Fitzgerald et al,y "Targeted Toxin Therapy for the Treatment of Cancer," /. NatL Cancer 
Inst., vol. 81, pp. 1455-1463, may be used in the ligand/lytic peptide combination of the 
present invention to selectively destroy cells displaying the receptor. Destruction of such a 
virally-infected cell, for example, before completion of the viral maturation cycle results in the 
release of incomplete, non-infectious viral particles, thereby treating the viral infection. 
Destruction of such a cancer cell prevents further metastasis. Where an antibody is used as 
the ligand, it will often be preferable to administer flie antibody and the lytic peptide 
sequentially, rather than linked to one another. Complement and other responses to the bound 
antibodies make the cells more susceptible to attack by the lytic peptides. 

Lytic Peptides Useful in the Present Invention 

It is believed (without wishing to be bound by this theory) that lytic peptides act by 
disrupting cell membranes. "Resting" eukaryotic cells protect themselves through their ability 
to repair the resulting membrane damage. By contrast, activated cells (e.g., cells stimulated 
by GnRH) are unable (or less able) to repair damaged membranes. Because GnRH-activated 
pituitary cells have a diminished capacity to repair membranes, they are preferentially 
destroyed by lytic peptides, while adjacent non-activated cells repair their membranes and 
survive. 

Although the embodiments of this invention that have been tested to date have used 
hecate as the effector lytic peptide, this invention will work with a combination of a ligand 
with other lytic peptides as well. Many lytic peptides are known in the art and mclude, for 
example, those mentioned in the references cited in the followmg discussion. 

Lytic peptides are small, basic peptides. Native lytic peptides appear to be major 
components of the antimicrobial defense systems of a number of animal species, including 
those of insects, amphibians, and manmials. They typically comprise 23-39 amino acids, 
although they can be smaller. They have the potential for forming amphipathic alpha-helices. 
See Boman et oZ., "Humoral immunity m Cecropia pupae," Cwrr. Top. Microbiol Immunol 
vol. 94/95, pp. 75-91 (1981); Boman et al„ "Cell-free immunity in insects," Anna. Rev. 
Microbiol, vol. 41, pp. 103-126 (1987); Zasloff, "Magainins, a class of antimicrobial 
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peptides from Xenopus skin: isolation, characterization of two active forms, and partial DNA 
sequence of a precursor," Proc. Natl Acad. Sci. USA, vol. 84, pp. 3628-3632 (1987); Ganz 
et al., "Defensins natural peptide antibiotics of human neutrophils," J. Clin, Invest, vol, 76, 
pp. 1427-1435 (1985); and Lee c/ a/., "Antibacterial peptides from pig intestine: isolation of a 
mammalian cecropin," Proc. Natl. Acad. Sci. USA, vol. 86, pp. 9159-9162 (1989). 

Known ammo acid sequences for lytic peptides may be modified to create new 
peptides that would also be expected to have lytic activity by substitutions of ammo acid 
residues that preserve the amphipathic nature of the peptides (e.g., replacing a polar residue 
with another polar residue, or a non-polar residue with anotiier non-polar residue, etc.); by 
substitutions that preserve the diarge distribution (e.g., replacing an acidic residue with 
another acidic residue, or a basic residue with another basic residue, etc.); or by lengthening 
or shortening the amino acid sequence while preserving its amphipalhic character or its charge 
distribution. Lytic peptides and their sequences are disclosed in Yamada et al., "Production 
of recombinant sarcotoxin lA in Bombyx mori cells," Biochem. J., vol. 272, pp. 633-666 

(1990) ; Taniai et a/., "Isolation and nucleotide sequence of cecropin B cDNA clones from the 
silkworm, Bombyx mori;' Biochimica Et Biophysica Acta, vol. 1132, pp. 203-206 (1992); 
Boman et al,, "Antibacterial and antimalarial properties of peptides that are cecropin-melittin 
hybrids," Febs Letters, vol. 259, pp. 103-106 (1989); Tessier et al,, "Enhanced secretion 
from insect cells of a foreign protein fused to the honeybee melittin signal pqptide," Gene, 
vol. 98, pp. 177-183 (1991); Blondelle et aL, "Hemolytic and antimicrobial activities of the 
twenty-four mdividual omission analogs of melittin," Biochemistry, vol. 30, pp. 4671-4678 

(1991) ; Andreu et al., "Shortened cecropin A-melittin hybrids. Significant size reduction 
retains potent antibiotic activity," Febs Utters, vol. 296, pp. 190-194 (1992); Macias et al,, 
"Bactericidal activity of magainin 2: use of lipopolysaccharide mutants," Can. J. Microbiol., 
vol. 36, pp. 582-584 (1990); Rana et al,, "Interactions between magainin-2 and Salmonella 
typhimurium outer membranes: effect of Lipopolysaccharide structure," Biochemistry, vol. 30, 
pp. 5858-5866 (1991); Diamond et al., "Airway epithelial cells are the site of expression of a 
mammalian antimicrobial peptide gene," Proc. Natl Acad. Sci. USA, vol. 90, pp. 4596 jg^ 
(1993); Selsted et al., "Purification, prunary structures and antibacterial activities of jS- 
defensins, a new family of antimicrobial peptides from bovine neutrophils," /. BioL Chem., 
vol. 268, pp. 6641 (1993); Tang et al., "Characterization of the disulfide motif in BNBD- 
12, an antimicrobial j3-defensm pq>tide from bovine neutrophils," J. BioL Chem., vol. 268, 
pp. 6649^(1993); Ldirer et al.. Blood, vol. 76, pp. 2169-2181 (1990); Ganz et al., Sem. 
Resp. Infect. I., pp. 107-117 (1986); Kagan et al., Proc. Natl. Acad. Sci. USA, vol. 87, pp. 
210-214 (1990); Wade et al., Proc. Natl. Acad. ScL USA, vol. 87, pp. 4761-4765 (1990); 
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Romeo et al., /. BioL Oiem., vol, 263, pp. 9573-9575 (1988); Jaynes et al., "Therapeutic 
Antimicrobial Polypeptides, Their Use and Methods for Preparation," WO 89/00199 (1989); 
Jaynes, "Lytic Peptides, Use for Growth, Infection and Cancer," WO 90/12866 (1990); 
Berkowitz, "Prophylaxis and Treatment of Adverse Oral Conditions with Biologically Active 
Peptides," WO 93/01723 (1993). 

Families of naturally-occurring lytic peptides include the cecropins, the defensins, the 
sarcotoxins, the melittins, and the magainins. Boman and coworkers in Sweden performed the 
original work on the humoral defense system of Hyalophora cecropia, the giant silk moth, to 
protect itself from bacterial infection. See Hultmark et al., "Insect immunity. Purification of 
three inducible bactericidal proteins from hemolymph of inmiunized pupae of Hyalophora 
cecropia," Eur. /. Biochem,, vol. 106, pp. 7-16 (1980); and Hultmark et al., "Insect 
immunity. Isolation and structure of cecropin D. and four minor antibacterial components 
from cecropia pupae," Eur. /. Biochem,, vol. 127, pp. 207-217 (1982). 

Infection in H. cecropia induces the synthesis of specialized proteins capable of 
disrupting bacterial cell membranes, resulting in lysis and cell death. Among these specialized 
proteins are those known collectively as cecropins. The principal cecropins - cecropin A, 
cecropin B, and cecropin D - are small, highly homologous, basic peptides. In collaboration 
with Merrifield, Soman's group showed that the amino-terminal half of the various cecropins 
contains a sequence that will form an amphipathic alpha-helix. Andrequ et al.^ "N-terminal 
analogues of cecropin A: synthesis, antibacterial activity, and conformational properties," 
Biochem., vol. 24, pp. 1683-1688 (1985). The carboxy-terminal half of the peptide comprises 
a hydrophobic tail. See also Boman et al.^ "Cell-free immunity in Cecropia," Eur. J. 
Biochem., vol. 201, pp. 23-31 (1991). 

A cecropin-Iike peptide has been isolated from porcine intestine. Lee et (d.^ 
"Antibacterial peptides from pig intestine: isolation of a mammalian cecropin," Proc. NatL 
Acad. ScL USA, vol. 86, pp. 9159-9162 (1989). 

Cecropin peptides have been observed to kill a number of animal pathogens other than 
bacteria. See Jaynes et al., "In Vitro Cytocidal Effect of Novel Lytic Peptides on 
Plasmodium jalciparum and Trypanosoma cruzi," FASEB, 2878-2883 (1988); Arrowood et 
aLy "Hemolytic properties of lytic peptides active against the sporozoites of Cryptosporidium 
parvum,"" J. FrotozooL, vol. 38, No. 6, pp. 161S-163S (1991); and Arrowood et al., "In vitro 
activities of lytic pq)tides against the sporozoites of Cryptosporidium parvum," Antimicrob. 
Agents Chemother., vol. 35, pp. 224-227 (1991). However, normal manunalian cells do not 
appear to be adversely affected by cecropins, even at high concentrations. See Jaynes et a/., 
"//I vitro effect of lytic peptides on normal and transformed mammalian cell lines," Peptide 
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Research, vol. 2, No. 2, pp. 1-5 (1989); and Reed et al., "Enhanced in vitro growth of 
murine fibroblast cells and preimplantation embryos cultured in medium supplemented with an 
amphipathic peptide," MoL Reprod. Devel, vol. 31, No. 2, pp. 106-113 (1992). 

Defensins, originally found in mammals, are small peptides containing six to eight 
cysteine residues. Ganz et aLy "Defensins natural peptide antibiotics of human neutrophils," 
7. airu Invest, , vol. 76, pp. 1427-1435 (1985). Extracts from normal human neutrophils 
contain three defensin peptides: human neutrophil peptides HNP-1, HNP-2, and HNP-3. 
Defensin peptides have also been described in insects and higher plants. Dimarcq et al., 
"Insect immunity: expression of the two major inducible antibacterial pq)tides, defensin and 
diptericin, in Phormia terranwe," EMBO 7., vol. 9, pp. 2507-2515 (1990); Fisher et al., 
Proc, Nail Acad, ScL USA, vol. 84, pp. 3628-3632 (1987). 

Slightiy larger peptides called sarcotoxins have been purified from the fleshfly 
Sarcophaga peregrina, Okada et al., "Primary structure of sarcotoxin I, an antibacterial 
protein induced in the hemolymph of Sarcophaga peregrina (flesh fly) larvae," J. Biol 
ChenL, vol. 260, pp. 7174-7177 (1985). Although highly divergent from the cecropins and 
defensins, the sarcotoxins presumably have a similar antibiotic function. 

Other lytic peptides have been found in amphibians. Gibson and collaborators isolated 
two peptides from the African clawed frog, Xenopus laevis, peptides which they named PGS 
and Gly^'^Lys^PGS. Gibson et al., "Novel peptide fragments originating from PGU and the 
caervlein and xenopsin precursors from Xenopus toevij," J. Biol Chem., vol. 261, pp. 5341- 
5349 (1986); and Givannini et al,, "Biosynthesis and degradation of peptides derived from 
Xenopus laevis prohormones," Biochem. 7., vol. 243, pp. 113-120 (1987). Zasloff showed 
that the Xenopus-dmv&i peptides have antimicrobial activity, and renamed them magainins. 
Zasloff, "Magainins, a class of antimicrobial peptides from Xenopus skin; isolation, 
characterization of two active forms, and partial DNA sequence of a precursor," Proc, Natl 
Acad. Scl USA, vol. 84, pp. 3628-3632 (1987). 

Synthesis of nonhomologous analogs of different classes of lytic peptides has been 
reported to reveal that a positively charged, amphipathic sequence containing at least 20 amino 
acids appeared to be a requirement for lytic activity in some classes of pqptides. Shiba et al., 
"Structure-activity relationship of Lepidopteran, a self-defense peptide of Bombyx more,"" 
Tetrahedron, vol. 44, No. 3, pp. 787-803 (1988). Other work has shown that smaller 
peptides can also be lytic. See McLaughlin et al., cited below. 

Cecropins have been shown to target pathogens or compromised cells selectively, 
wittiout affecting normal host cells. The synthetic lytic peptide known as S-1 (or Shiva 1) has 
been shown to destroy intracellular Brucella abortus-, Trypanosoma crwd-, Cryptosporidium 
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parvum-, and infectious bovine herpes virus I (IBR)-infected host cells, with little or no toxic 
effects on noninfected mammalian cells. See Jaynes et aL, ''In vitro effect of lytic peptides on 
normal and transformed mammalian cell lines," Peptide Research, vol. 2, No. 2, pp. 1-5 
(1989); Wood et al,, "Toxicity of a Novel Antimicrobial Agent to Cattle and Hamster cells In 
vitro,'* Proc. Ann. Amer. Soc. Anim. Sci., Utah State University, Logan, UT. 7. Anim. Sci. 
(SuppL 7j, vol. 65, p. 380 (1987); Arrowood et (d., "Hemolytic properties of lytic peptides 
active against the sporozxtites of Cryptosporidium parvum," 7. ProtozooL, vol. 38, No. 6, pp. 
161S-163S (1991); Arrowood et at., "In vitro activities of lytic peptides against the 
sporozoites of Cryptosporidium parvum," Antimicrob, Agents Chemother,, vol. 35, pp. 224- 
227 (1991); and Reed et at., "Enhanced in vitro growth of murine fibroblast cells and 
preimplantation embryos cultured in medium supplemented with an amphipathic peptide," 
Mol Reprod, DeveL, vol. 31, No. 2, pp. 106-113 (1992). 

Morvan et al,, "In vitro activity of the antimicrobial peptide magainin 1 against 
Bonamia ostreae, the intrahemocytic parasite of the flat oyster Ostrea edulis," Mol Mar, 
Biol, vol. 3, pp. 327-333 (1994) reports the in vitro use of a magainin to selectively reduce 
the viability of the parasite Bonamia ostreae at doses that did not affect cells of the flat oyster 
Ostrea edulis. 

Also of interest are the synthetic peptides disclosed in the following pending patent 
applications, peptides that have lytic activity with as few as 10-14 amino acid residues: 
McLaughlin et al„ "Amphipathic Peptides," United States patent application serial number 
08/681,075, filed July 22, 1996; and Mark L. McLaughlin et al., "Short Amphipathic 
Peptides with Activity agamst Bacteria and Intracellular Pathogens," United States patent 
application serial number 08/796,123, filed February 6, 1997. 

Lytic peptides sudi as are known generally in the art may be used in practicing the 
present inventions. Selective toxicity to ligand-activated cells is desirable, especially when the 
ligand and peptide are administered separately. Selective toxicity is less important when the 
ligand and peptide are linked to one another, because in that case the peptide is effectively 
concentrated in the unmediate vicinity of cells having receptors for the ligand. 

Examples of such peptides are those designated D1A21 (SEQ. ID NO. 5), D2A2I 
(SEQ. ID NO. 6), D5C (SEQ. ID NO. 7), and D5C1 (SEQ. ID NO. 8). These peptides and 
other lytic peptides suitable for use in the present invention are disclosed in Jaynes, "M^ods 
for the Design of Amphipathic Peptides Having Enhanced Biological Activities," United States 
provisional patent ^plication serial number 60/027,628, filed October 4, 1996. In trials to 
date using these p^tides alone (i.e., one of these four peptides without an associated ligand), 
in vitro LD^ values against human prostate cancer cell lines have ranged from about 0.57 ^M 
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to about 1.61 (iM, In trials to date using D2A21 alone (i.e., without an associated ligand) 
LD50 values against human breast, bladder, colon, cervix, lung, colon, and skin cancer cell 
lines have ranged from about 0.28 fiM to about 3.1 /iM. For comparison, LD50 has been 
measured to be greater than 100 ;xM for each of D2A21, DSC, and D5C1 for each of the 
following types of normal, non-cancerous human cells: endothelial cells, fibroblasts, enteric 
cells, and keratinocytes. For D2A21, LD50 has been measured to be about 100 pM for human 
peripheral blood monocytes, and to be greater than 100 /iM for human peripheral blood 
T-cells. 

Other GnRH analogs may be conjugated with a lytic peptide in accordance with this 
invention. Among the analogs that may be used as part of such a conjugate is l-LHRH-III (or 
1-GnRH-III), SEQ. ID NO. 16. This peptide has been reported to suppress growth of several 
cancer cells. See I. Mezo et al., "Synthesis of Gonadotropin-Releasing Hormone III Analogs. 
Structure-Antitumor Activity Relationships," 7. Med, Chenu vol. 40, pp. 3353-3358 (1997). 
The same l-LHRH-ID selectively causes the release of FSH. See W. Yu et aL, "A 
hypothalamic follicle-stimulating hormone-releasing decapeptide in the rat," Proc. NatL Acad. 
Sci USA, vol. 94, pp. 9499-9503 (1997); and United States patent application S.N. 
08/869,153, filed June 4, 1997. Lytic peptide conjugates of l-LHRH-UI will be useful as 
contrac^tives, and in the treatment of cancers such as prostate cancers. Agonists of 
l-LHRH-in, such as are disclosed in United States patent application S.N. 08/869,153, may 
be used as well. 

Miscellaneous 

As used in the Claims, an "effective amount" of a composition is an amount sufficient 
to selectively kill the targeted cells in a background population of non-targeted cells. Where 
appropriate in context, an "effective amount" of a composition is also an amount that is 
sufficient to induce long-term contraception or sterility in an animal. Where appropriate in 
context, an "effective amount" of GnRH or l-LHRH-III is an amount sufficient to tOTiporarily 
restore fertility in an animal that has been made sterile by destruction of gonadotropic cells. 
As used in the Claims, the term "animal" is intended to include both human and non-human 
metazoans. 

TTie complete disclosures of all references cited in this specification are her by 
incorporated by reference; as are the full disclosures of United States provisional application 
60/041,009, filed March 27, 1997; United States provisional application 60/057,456, filed 
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September 3, 1997; and of United States non-provisional ^plication 08/869,153, filed June 4, 
1997. In the event of an otherwise irreconcilable conflict, however, the present specification 
shall control. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: La. State Univ, & Mech. Coll., Board of 
Supervisors 
Enright, Frederick M. 
Jaynes, Jesse M. 
Hansel, William 
Koonce, Kenneth L. 
McCann, Samuel M. 
Yu, Wen H. 

Melrose, Patricia A. 
Foil, Lane D. 
Elzer, Philip H. 

(ii) TITLE OP INVENTION: Ligand/Lytic Peptide Compositions and 
Methods of Use 

(iii) NUMBER OF SEQUENCES: 18 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: John H. Runnels 

(B) STREET: P. O. Box 2471 
{C) CITY: Baton Rouge 

(D) STATE: LA 
(B) COUNTRY: USA 
(F) ZIP: 70821-2471 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 27 -MAR- 1998 

(C) CLASSIFICATION; 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Runnels, John H. 

(B) REGISTRATION NUMBER: 33.451 

(C) REFERENCE /DOCKET NUMBER: 96A3.2 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (504) 387-3221 

(B) TELEFAX: (504) 346-8049 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note= "Xaa in position 1 denotes 
pyro- glutamic acid. This sequence is GnRH." 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l; 

xaa His Trp Ser Tyr Gly Leu Arg Pro Gly 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

( ix) FBATORE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..23 

(D) OTHER INFORMATION: /note= "This sequence is hecate." 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Phe Ala Leu Ala Leu Lys Ala Leu Lys Lys Ala Leu Lys Lys Leu Lys 
15 10 15 

Lys Ala Leu Lys Lys Ala Leu 
20 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..33 

(D) OTHER INFORMATION: /note= "This sequence is a modified 
GnRH/hecate fusion peptide . " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Gin His Trp Ser Tyr Gly Leu Arg Pro Gly Phe Ala Leu Ala Leu Lys 
15 10 15 

Ala Leu Lys Lys Ala Leu Lys Lys Leu Lys Lys Ala Leu Lys Lye Ala 
20 25 30 

Leu 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 

(A) NAME/KEY; Peptide 

(B) LOCATION: 1, .33 

(D) OTHER INFORMATION: /note= "This sequence is a 
hecate/modif ied GnRH fusion peptide . " 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Phe Ala Leu Ala Leu Lys Ala Leu Lys Lys Ala Leu Lys Lys Leu Lys 
15 10 15 

Lys Ala Leu Lys Lys Ala Leu Gin His Trp Ser Tyr Gly Leu Arg Pro 
20 25 30 



Gly 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME /KEY: Peptide 

(B) LOCATION: 1..23 

(D) OTHER INFORMATION; /note= "This sequence is D1A21." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Phe Ala Phe Ala Phe Lys Ala Phe Lys Lys Ala Phe Lys Lys Phe Lys 
15 10 15 

Lys Ala Phe Lys Lys Ala Phe 
20 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



( ix) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..23 

(D) OTHER INFORMATION: /note= "This sequence is D2A21." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Phe Ala Lys Lys Phe Ala Lys Lys Phe Lys Lys Phe Ala Lys Lys Phe 
15 10 15 

Ala Lys Phe Ala Phe Ala Phe 
20 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..27 

(D) OTHER INFORMATION: /note= "This sequence is DSC." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Lys Arg Lys Arg Ala Val Lys Arg Val Gly Arg Arg Leu Lys Lys Leu 
15 10 15 

Ala Arg Lys He Ala Arg Leu Gly Val Ala Phe 
20 25 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: cunino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..37 

(D) OTHER INFORMATION: /note=: "This sequence is D5C1." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Lys Arg Lys Arg Ala Val Lys Arg Val Gly Arg Arg Leu Lys Lys Leu 
15 10 15 

Ala Arg Lys He Ala Arg Leu Gly Val Ala Lys Leu Ala Gly Leu Arg 
20 25 30 

Ala Val Leu Lys Phe 
35 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note= "This sequence is a modified 
GnRH." 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gin His Trp Ser Tyr Gly Leu Arg Pro Gly 
15 10 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: peptide 



( ix) FEATURE : 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..13 

(D) OTHER INFORMATION: /note= "This sequence is a modified 
alpha-MSH." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ser Tyr Cys Met Glu His Phe Arg Trp Asn Lys Pro Val 
1 S 10 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . . 15 

(D) OTHER INFORMATION: /note= "This sequence is bLH." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Ser Tyr Ala Val Ala Leu Ser Cys Gin Cys Ala Leu Cys Arg Arg 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..38 

(D) OTHER INFORMATION: /note= "This sequence is a 
hecate-blH fusion peptide." 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Phe Ala Leu Ala Leu Lys Ala Leu Lys Lys Ala Leu Lys Lys Leu Lys 
15 10 15 

Lys Ala Leu Lys Lys Ala Leu Ser Tyr Ala Val Ala Leu Ser Cys Gin 
20 25 30 



Cys Ala Leu Cys Arg Arg 
35 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



( ix) FEATURE : 

(A) NAME/KEY: Peptide 
<B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note= "Xaa in position 1 denotes 
pyro- glutamic acid. Xaa in position 6 denotes 
D- lysine. This sequence is D-Ly3-6 GnRH." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Xaa His Trp Ser Tyr Xaa Leu Arg Pro Gly 
15 10 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note=: "Xaa in position 1 denotes 
pyro -glutamic acid. Xaa in position 6 denotes 
acyl-D- lysine . " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Xaa His Trp Ser Tyr Xaa Leu Arg Pro Gly 
15 10 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FKATDRE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1. .33 

(D) OTHER INFORMATION: /note= "Xaa in position 1 denotes 
pyro- glutamic acid. This sequence is an 
l-LHRH-III/hecate fusion peptide." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Xaa His Trp Ser His Asp Trp Lys Pro Gly Phe Ala Leu Ala Leu Lys 
15 10 15 

Ala Leu Lys Lys Ala Leu Lys Lys Leu Lys Lys Ala Leu Lys Lys Ala 
20 25 30 



Leu 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) KKDLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..10 

(D) OTHER INFORMATION: /note=: "Xaa in position 1 denotes 
pyro-glutamic acid. This sequence is 1-LHRH-III." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Xaa His Trp Ser His Asp Trp Lys Pro Gly 
15 10 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . . 10 

(D) OTHER INFORMATION: /note= "Xaa in position 1 denotes 
pyro-glutamic acid. This sequence is chicken I 
GtiRH. " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Xaa His Trp Ser Tyr Gly Leu Gin Pro Gly 
15 10 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQXJBNCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: l.,10 

(D) OTHER INFORMATION: /note= "Xaa in position 1 denotes 
pyro- glutamic acid. This sequence is chicken II 
GnRH." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Xaa His Trp Ser His Gly Trp Tyr Pro Gly 
15 10 
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1 1. A compound comprising: (a) a hormone domain selected from the group 

2 consisting of gonadotropin-releasing hormone, l-LHRH-HI, bLH, estrogen, testosterone, 

3 luteinizing hormone, chorionic gonadotropin, follicle stimulating hormone, melanocyte- 

4 stimulating hormone, estradiol, dopanune, somatostatin, and analogues of these hormones; and 

5 (b) a lytic peptide domain. 

1 2. A compound as recited in Claim 1, wherein said hormone domain is bonded 

2 directly to said lytic peptide domain, without an intermediate linking domain joining said 

3 hormone domain to said lytic peptide domain. 

1 3. A compound as recited in Qaim 1, wherein said lytic peptide domain is 

2 selected from the group consisting of a cecropm peptide, a melittin peptide, a defensin 

3 peptide, a magainin peptide, a sarcotoxin peptide, and analogs of said peptides. 

1 4. A compound as recited in Claim 1, wherein said lytic peptide domain 

2 comprises hecate. 

1 5. A compound as recited in Claim 1, wherein said hormone domain comprises 1- 

2 LHRH-ni. 

1 6. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 gonadotropin-releasing hormone. 

1 7. A compound as recited in Claim 1, wherein said compound has the sequence 

2 SEQ. ID NO. 3 or SEQ. ID NO. 4. 

1 8, A compound as recited in Claim 1, wherein said compound has the sequence 

2 SEQ. ID NO. 12 or SEQ. ID NO. 15. 

1 9. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 estrogen. 
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1 10. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 testosterone. 

1 11. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 luteinizing hormone. 

1 12, A compound as recited in Claim 1, wherein said hormone domain comprises 

2 chorionic gonadotropin. 

1 13. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 follicle stimulating hormone. 

1 14. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 melanocyte-stimulating hormone. 

1 15. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 estradiol. 

1 16. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 dopamine. 

1 17. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 somatostathi. 

1 18. A compound as recited in Claim 1, wherein said hormone domain, or said 

2 lytic p^tide domain, or both comprise D-conformation amino acid residues. 

1 19. A compound as recited in Claim 18, additionally comprising a carrier domain 

2 to facilitate uptake by the intestine when the compound is administered orally. 

1 20. A compound as recited in Claim 19, wherein said carrier domain comprises a 

2 vitamin B12 domain. 
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1 21. A method for producing long-term contraception or sterility in an animal, 

2 comprising administering to the animal an effective amount of: (a) a hormone selected from 

3 the group consisting of gonadotropin-releasing hormone, bLH, and l-LHRH-III, and (b) an 

4 effective amount of a lytic peptide, 

1 22. A method as recited in Claim 21, wherein the lytic peptide is administered 

2 after the hormone is administered. 

1 23. A method as recited in Claim 21, wherein the animal is a manunal. 

1 24. A method as recited in Claim 21, wherein the animal is a burd. 

1 25. A method as recited in Claim 24, wherein the bird is a chicken or a turkey. 

1 26. A method as recited in Claim 21, wherein the animal is an insect. 

1 27. A method as recited in Claim 26, wherein the hormone and the lytic peptide 

2 are expressed by an exogenous gene in a plant consumed by the insect. 

1 28. A method as recited in Claim 21, wherein the hormone, or the lytic peptide, 

2 or both comprise D-conformation amino acid residues. 

1 29. A method as recited in Claim 28, wherein the compound containmg 

2 D-conformation amino acid residues additionally comprising a carrier domain to facilitate 

3 uptake by the intestine when the compound is administered orally. 

1 30, A method as recited in Claim 29, wherein the carrier domain comprises a 

2 vitamin domam. 

1 31. A method for producing long-term contraception or sterility in an animal, 

2 comprising admmistering to the animal an effective amount of a compound comprising a 

3 hormone domain and a lytic peptide domain, wherein said hormone domain is selected from 

4 the group consisting of gonadotropin-reieasing hormone, l-LHRH-HI, and bLH. 
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1 32. A method as recited in Claim 31, wherein the hormone domain is bonded 

2 directly to the lytic peptide domain, without an intermediate linking domain joining the 

3 hormone domain to the lytic peptide domain. 

1 33. A method as recited in Claim 31, wherein the lytic peptide domabi is selected 

2 from the group consisting of a cecropin peptide, a melittin peptide, a defensin peptide, a 

3 magainin p^tide, a sarcotoxin peptide, and analogs of said peptides. 

1 34. A method as recited in Claim 31, wherein the lytic peptide domain comprises 

2 hecate. 

1 35. A method as recited in Claim 31, wherein the compound has the sequence 

2 SEQ. ID NO. 3. 

1 36. A method as recited in Claim 31, wherein the compound has the sequence 

2 SEQ. ID NO. 4. 

1 37. A method as recited in Claim 31, wherein the compound has the sequence 

2 SEQ. ID NO. 12 or SEQ. ID NO. 15. 

1 38. A method as recited in Claim 31, wherein the animal is a mammal. 



39. A me±od as recited in Claim 31, wherein the animal is a bird. 

40. A method as recited in Claim 39, wherein the bird is a chicken or a turkey. 



1 41. A method as recited in Claun 31 , wherein the animal is an insect. 

1 42. A method as recited in Claim 41, wherein the peptide is expressed by an 

2 exogenous gene in a plant consumed by the insect. 

1 43. A method of temporarily restoring fertility in a mammal that had been made 

2 sterile by the selective destruction of gonadotropes in the pituitary, comprising administering 

3 to the mammal an effective amount of gonadotropin-releasing hormone or l-LHRH-IH. 
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44. A method as recited in Claim 43, wherein fertility is restored in a mammal 
that had previously been made sterile by administering to the animal an effective amount of: 



3 (a) a hormone selected from the group consisting of gonadotropin-releasing hormone, 1- 

4 LHRH-ni, and bLH, and (b) an effective amount of a lytic peptide. 

t 45. A method as recited in Qaim 43, wherein fertility is restored in a mammal 

2 that had previously been made sterile by administering to the animal an effective amount of a 

3 compound comprising a hormone domain and a lytic peptide domain, wherein said hormone 

4 domain is selected from the group consisting of gonadotropin-releasing hormone, 1-LHRH-III, 

5 and bLH. 

1 46. A plant containing an exogenous gene that encodes a peptide comprising a 

2 hormone domain and a lytic peptide domain, wherein said hormone domain is selected from 

3 the group consisting of gonadotropin-releasing hormone, 1-LHRH-III, and bLH. 

1 47. A plant containing a first exogenous gene that encodes gonadotropin-releasing 

2 hormone or that encodes 1-LHRH or that encodes bLH, and a second exogenous gene that 

3 encodes a lytic peptide. 

1 48. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 or ligand-dependent tumor in a mammal, comprising administering to the manmial an effective 

3 amount of the hormone or ligand on which the growth of the tumor depends, and an effective 

4 amount of a lytic peptide. 

1 49. A method as recited in Claim 48, wherein the lytic peptide is administered 

2 after the hormone or ligand is administered. 

1 50. A method as recited in Claim 48, wherein the hormone or ligand and the lytic 

2 peptide are each administered by administering to the mammal a compound in which the 

3 hormone or ligand and the lytic peptide are chemically bonded to one another. 



1 
2 



51. A method as recited in Claim 48, wherein the cell is part of an ovarian cancer, 
and wherein the hormone or ligand comprises estradiol. 
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1 52. A method as recited in Claim 48, wherein the cell is part of a breast cancer, 

2 and wherein the hormone or ligand comprises estradiol. 

1 53. A method as recited in Claim 48, wherein the cell is part of a prostate cancer, 

2 and wherein the hormone or ligand comprises testosterone. 

1 54, A method as recited in Claim 48, wherein the cell is part of a prolactinoma, 

2 and wherein the hormone or ligand comprises dopamine. 

1 55. A method as recited in Claim 48, wherein the cell is part of a growth 

2 hormone-secreting adenoma, and wherein the hormone or ligand comprises growth hormone. 

1 56. A method as recited in Claim 48, wherein the cell is part of a thyrotropin- 

2 releasing hormone-secreting adenoma, and wherein the hormone or ligand comprises 

3 thyrotropin-releasing hormone. 

1 57. A method as recited in Claim 48, wherein the cell is part of a gonadotropin- 

2 secreting adenoma, and wherein the hormone or ligand comprises gonadotropin. 

1 58. A method as recited in Claun 48, whwein the cell is part of a growth 

2 hormone-secreting adenoma, and wherein the hormone or ligand comprises somatostatin. 

1 59. A method as recited in Claim 48, wherein the cell is part of a pituitary 

2 adenoma, and wherein the hormone or ligand is selected from the group consisting of 

3 gonadotropin-releasmg hormone, l-LHRH-III, corticosteroid-releasing hormone, growth 

4 hormone-releasing hormone, vasoactive intestinal polypq)tide, and pituitary adenylate cyclase 

5 activating peptide. 

1 60. A method as recited in Claim 48, wherein the cell is part of a breast cancer, 

2 and wherein the hormone or ligand comprises gonadotropin-releasing hormone or 1-LHRH-III. 

1 61. A m^od as recited in Claim 48, wherem the cell is part of an ovarian cancer, 

2 and wherein the hormone or ligand comprises gonadotropin-releasing hormone, l-LHRH-in, 

3 or bLH. 
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1 62. A method as recited in Claim 48, wherein the cell is part of a prostate cancer, 

2 and wherein the hormone or ligand comprises gonadotropin-releasing hormone or 1-LHRH-III. 

1 63, A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 1, wherein the hormone domain of the compound comprises the 

4 hormone on which the tumor is d^endent. 

1 64. A method for killing or inhibiting the growth of a cell in a hormone-d^ndent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 2, wherein the hormone domain of the compound comprises the 

4 hormone on which the tumor is dependent. 

1 65. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the manmial an effective amount of a 

3 compound as recited in Claim 3, wherem the hormone domain of the compound comprises the 

4 hormone on which the tumor is dependent. 

1 66. A method for killing or mhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the manunal an effective amount of a 

3 compoxmd as recited in Claim 4, wherem the hormone domain of the compound comprises the 

4 hormone on which the tumor is d^endent. 

1 67. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 5, wherein the hormone domain of the compound comprises the 

4 hormone on which the tumor is dependent. 

1 68. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 6, wherein the hormone domain of the compound comprises the 

4 hormone on which the tumor is d^endwit. 
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1 69. A method for killing or inhibiting the growth of a cell in a hormone-d^endent 

2 tumor in a mammal, comprising administering to the manraial an effective amount of a 

3 compound as recited in Claim 7, wherein the hormone domain of the compound comprises the 

4 hormone on which the tumor is dependent. 

1 70. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the manmial an effective amount of a 

3 compound as recited in Claun 8, wherein die hormone domain of the compound comprises the 

4 hormone on which the tumor is d^endent, 

1 71. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Clahn 9, wherein the hormone domain of the compound comprises the 

4 hormone on which the tumor is dependent. 

1 72. A method for killing or inhibiting the growth of a cell in a hormone-dqjendent 

2 tumor in a manmial, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 10, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dq)endent. 

1 73. A method for killing or inhibiting the growth of a cell in a honnone-dq)endent 

2 tumor in a mammal, comprising administering to the manmial an effective amount of a 

3 compound as recited in Claim 11, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is d^endent. 

1 74. A method for killing or inhibiting the growth of a cell in a hormone-dq[)endent 

2 tumor m a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 12, wherein die hormone domain of the compound comprises 

4 the hormone on which the tumor is dependent. 

1 75. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 13, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dependent. 
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1 76. A method for killing or inhibiting the growth of a cell in a hormone-d^endent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 14, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dependent. 

1 77. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a manmial, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 15, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is d^ndent. 

1 78. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a manmial, comprising administering to the manmial an effective amount of a 

3 compound as recited in Claim 16, wherein the hormone domain of the compoimd comprises 

4 the hormone on which the tumor is dependent. 

1 79. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the manunal an effective amount of a 

3 compound as recited in Claim 17, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dependent. 

1 80. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the manmial an effective amount of a 

3 compound as recited in Claim 18, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dq)endent. 



1 81. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a mammal, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claim 19, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dependent. 

1 82. A method for killing or inhibiting the growth of a cell in a hormone-dependent 

2 tumor in a manmial, comprising administering to the mammal an effective amount of a 

3 compound as recited in Claun 20, wherein the hormone domain of the compound comprises 

4 the hormone on which the tumor is dependent. 
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1 83. A method for killing or inhibiting the growth of a cell in a mammal, wherein 

2 the activity of the cell is dependent on the binding of a receptor on the cell surface to a ligand, 

3 said method comprising administering to the mammal an effective amount of the ligand on 

4 which the activity of the cell depends, and an effective amount of a lytic peptide. 

1 84. A method as recited in Claim 83, wherem the lytic peptide is administered 

2 after the ligand is administered. 

1 85, A method as recited in Claim 84, wherein the ligand and the lytic peptide are 

2 each administered by administering to the mammal a compound in which the ligand and the 

3 lytic pqptide are chemically bonded to one another. 

1 86. A method as recited in Claim 83, wherein the cell is a lymphocyte responsible 

2 for an autoimmune reaction, and wherein the ligand comprises an epitope to which the 

3 lymphocyte selectively binds. 

1 87, A method as recited in Claim 83, wherein the cell is a viraliy-infected cell diat 

2 displays a surface receptor not displayed by otherwise similar, but uninfected cells, and 

3 wherein the ligand selectively binds to the surface receptor. 

1 88. A method for inhibiting the reproductive ability of an insect, comprising 

2 administermg to the insect an effective amount of a lytic peptide. 

1 89. A method as recited in Claim 88, wherein the lytic peptide is selected from the 

2 group consistmg of a cecropin peptide, a melittin pq)tide, a defensin peptide, a magainin 

3 pqjtide, a sarcotoxin peptide, and analogs of said peptides. 

1 90. A method as recited in Claim 88, wherein the lytic peptide comprises L- 

2 hecate. 

1 91- A method as recited in Claim 88, wherein the lytic peptide comprises D- 

2 hecate. 

1 92. A method as recited in Claim 88, wherein the lytic p^tide is expressed by an 

2 exogenous gene in a plant consumed by the insect. 
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50. A method as recited in Claim 92, wherein the lytic peptide expressed by the 
plant comprises L-hecate. 

94. A plant containing an exogenous gene that encodes L-hecate. 

95. A method as recited in Claim 23, wherein the mammal is a dog. 

96. A method as recited in Claim 23, wherein the mammal is a cat. 

97. A method as recited in Claim 23, wherein the mammal is a cow or bull. 

98. A method as recited in Claim 23, wherein the mammal is a pig. 

99. A method as recited in Claim 23, wherein the mammal is a horse. 

100. A method as recited in Claim 23, wherein the mammal is a sheep. 

101. A method as recited in Claim 23, wherein the mammal is a human. 

102. A method as recited in Claim 21, wherein the animal is a mollusc. 

103. A method as recited in Claim 102, wherein the mollusc is a zebra mussel. 

104. A method as recited in Claim 102, wherein the mollusc is an oyster. 

105. A method as recited in Claim 38, wherein the mammal is a dog. 

106. A method as recited in Claim 38, wherein the mammal is a cat. 

107. A method as recited in Claim 38, wherein the mammal is a cow or bull. 

108. A method as recited in Claim 38, wherein the mammal is a pig. 

109. A method as recited in Claim 38, wherem the mammal is a horse. 
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A method as recited in Claim 38, wherein the mammal is a sheep. 



1 111. A method as recited in Claim 38, wherein the mammal is a himian. 

1 112. A method as recited in Claim 31, wherein the animal is a mollusc. 

1 113. A method as recited in Claim 1 12, wherein the mollusc is a zebra mussel. 

1 114. A method as recited in Claim 1 12, wherein the mollusc is an oyster. 

1 115. A method for selectively killing gonadotrophic cells in the pituitary of an 

2 animal, comprising administering to the animal: (a) an effective amount of a hormone 

3 selected from the group consisting of gonadotropin-releasing hormone and l-LHRH-UI, and 

4 (b) an effective amount of a lytic pq)tide. 

1 116. A method for selectively killing gonadotrophic cells in the pituitary of an 

2 anhnal, comprising administering to the animal an effective amount of a compound comprising 

3 a hormone domain and a lytic peptide domain, wherein said hormone domain is selected from 

4 the group consisting of gonadotropin-releasing hormone and l-LHRH-UI. 

1 117. A mediod for selectively killing neurons having gonadotrophic receptors m an 

2 animal, comprising administering to the animal: (a) an effective amount of a hormone 

3 selected from the group consisting of gonadotropin-releasing hormone, 1-LHRH-III, and bLH, 

4 and (b) an effective amount of a lytic peptide. 

1 118. A method for selectively killuig neurons having gonadotrophic rec^tors in an 

2 animal, comprising administering to the animal an effective amount of a compound comprising 

3 a hormone domain and a lytic peptide domain, wherein said hormone domain is selected from 

4 the group consisting of gonadotropin-releasmg hormone, l-LHRH-III, and bLH . 

1 119. A method as recited in Claim 21, wherein the animal is sexually immature. 

1 120. A method as recited in Claim 31, wherein the animal is sexually immature. 



1 



121. A method as recited in Claim 23, wherein the mammal is sexually immature. 



1 
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A method as recited in Claim 38, wherein the mammal is sexually immature. 



1 123, A method as recited in Claim 48, wherein the cell is part of an ovarian cancer, 

2 and wherein the hormone or ligand comprises l-LHRH-in. 

1 124. A method as recited in Qaim 48, wherein the cell is part of a prostatic cancer, 

2 and wherein the hormone or ligand comprises 1-LHRH-III. 

1 125- A method as recited in Claim 48, wherein the cell is part of a breast cancer, 

2 and wherein the hormone or ligand comprises l-LHRH-HI. 

1 126. A method as recited in Claim 48, wherein the cell is part of an endometrial 

2 cancer, and wherein the hormone or ligand comprises 1-LHRH-III. 

1 127. A compound as recited in Claim 1, wherein said hormone domain comprises 

2 bLH. 

1 128. A mediod as recited in Claim 48, wherein the cell is part of a testicular 

2 cancer, and wherein the hormone or ligand comprises gonadotropin-releasing hormone, 1- 

3 LHRH-III, or bLH. 
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ANALOGS OF GLYCOPROTEIN HORMONES 
HAVING ALTERED RECEPTOR BINDING SPECIFICITY AND ACTIVITY 
AND METHODS FOR PREPARING AND USING SAME 

Field of the Invention 

The present invention relates to glycoprotein 

20 hormone analogs having altered receptor binding 
specificity and activity. Specifically, the invention 
pertains to alpha . beta -heterodimeric polypeptides having 
binding affinity to follicle stimulating hormone (FSH) 
receptors and luteinizing hormone (LH) receptors. The 

25 residues important for receptor binding and specificity 
are located between Cys93 and CyslOO and CyslOO and 
CysllO of hCG. These residues correspond to hFSH 
residues 87-94 and 94-104. A wide variety of alpha , 
beta -heterodimeric polypeptides can be made to alter the 

30 LH and FSH receptor binding activity and specificity of 
the polypeptides without disrupting their abilities to 
form alpha > beta -heterodimers or react with antibodies. 
This invention also pertains to methods for preparing 
these alpha, beta -heterodimeric polypeptides and the 

35 pharmaceutical compositions in which they may be 
employed. 
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The R productive Glycoprotein Hormones 
and Their Biological Actions. 

The glycoprotein hormone family consists of 
5 three aloha , beta heterodimeric glycoproteins foxind in 
the anterior pituitary gland where they are made and 
includes luteinizing hormone (LH) , follicle stimulating 
hormone (FSH) , and thyroid stimulating hormone (TSH) . In 
some species, a glycoprotein hormone structurally similar 

10 to LH is found in the placenta wherein it is synthesized. 
In humans, this glycoprotein hormone is called human 
chorionic gonadotropin (hCG) • In primates, significant 
quantities of all the hormones are also found as 
excretion products in urine. Urine from pregnant women 

15 serves as a convenient source of hCG. After menopause, 
when the secretion of LH and FSH from the anterior 
pituitary is greatly increased, significant quantities of 
LH and FSH are found in the xirine and are termed humem 
menopausal gonadotropins (hMG) . Urine from menopausal 

2 0 women serves as an important source of LH and FSH 
activities. Both urinary hCG and hMG have important 
commercial uses. Unlike hCG, which interacts with LH 
receptors and only weakly with FSH receptors, hMG 
interacts with both LH and FSH receptors. The activity 

25 of hMG is due to the presence of multiple hormone species 
in the urinary extract. 



Gonadotropins such as CG, LH, and FSH play a 
major role in the reproductive process while the 

30 structxirally related hormone, TSH, is important for 
thyroid function. Both LH and FSH are essential for 
normal reproductive fxinction and treatments to reduce LH 
activity result in infertility, termination of pregnancy, 
or both. FSH plays a crucial role in fertility. In the 

35 absence of sufficient FSH, women fail to have a normal 
menstrual cycle, i.e., a cycle in which a follicle 
develops to the point of ovulation. In polycystic 
ovarian disease, fertility can be restored by 
administration of FSH to women. The hormone hCG is 
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important for maintenance of pregnancy. In males, the 
absence of LH and FSH is associated with infertility. 
The hormone LH is required for puberty and, in its 
absence, there is a failure to acquire the sexual 
5 attributes and fertility of an adult. The clinical 
activities of these hormones are reviewed extensively in 
several standard textbooks including that by Yen and 
Jaffe (1) . 



10 Both hCG and LH bind to luteinizing hormone 

receptors (LHR) . In the testis, LHR are found primarily 
in the Leydig cells. In the ovary, LHR are found 
primarily in thecal, FSH-stimulated granulosa, and luteal 
cells. The major role of LH is to stimulate the 

15 formation of steroid hormones including the androgens 
testosterone and androstenedione (Leydig and thecal 
cells) and progesterone (FSH-stimulated granulosa, 
thecal, and luteal cells) . LH also causes ovulation of 
mature follicles. While hCG is normally produced only by 

20 the placenta during pregnancy, due to its high affinity 
for LH receptors, the ease which it can be purified from 
urine, and its long biological half -life, hCG has been 
widely used as a substitute for LH. Important clinical 
uses for hCG include stimulation of fertility in males 

25 and induction of ovulation in females. 



FSH binds to FSH receptors (FSHR) which are 
located primarily in the Sertoli cells of the testis and 
the granulosa cells of the ovaries. The primary roles of 

30 FSH are to stimulate the conversion of androgens (i.e., 
the steroids produced in response to LH stimulation of 
testicular Leydig cells and ovarian thecal cells) to 
estrogens, to promote the synthesis of inhibin and 
activin, to promote the development of Sertoli and 

35 granulosa cells, and to stimulate gamete maturation. The 
effect of FSH on granulosa cells leads to follicular 
matiiration, a process during which the oocyte is prepared 
for ovulation and in which the granulosa cells acquire 
the ability to respond to LH. Follicle maturation is 
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essential for the ability of LH to induce ovulation. 
Initiation of spermatogenesis requires FSH in addition to 
LH. 

5 The differences in the effects of FSH and LH 

and the complex endocrine interactions between the two 
hormones cause them to have synergistic effects. For 
example, normal estrogen production is due to the effect 
of LH on androgen formation and the influence of FSH on 

10 the conversion of androgens to estradiol. This process 
is regulated by negative and positive feedback mechanisms 
wherein estradiol can inhibit FSH secretion and increase 
LH secretion from the pituitairy gland. For this reason, 
the ratio of LH/FSH activity as well as the absolute 

15 hormone levels in blood are important for reproductive 
functions such as sperm production and ovulation of the 
proper number of oocytes during the menstrual and estinis 
cycles . 

20 Uses of Glycoprotein Hormones 

and Desirability of Novel Hormone Analogs. 

Mixtures of FSH and LH activities (hMG) are 
routinely used in the treatment of hxaman infertility^ a 

25 condition affecting approximately 10% of all couples (2, 
3) . This particular combination therapy is necesseiry 
because gonadal support of gamete naturation is dependent 
upon the synergistic actions of both FSH and LH. Cuarrent 
treatment protocols requiring FSH and LH activity utilize 

30 urinary extracts from postmenopausal women. The use of 
these extracts is compromised by several factors 
including batch (4, 5) and supplier (6) variability, 
expense of treatment (7) , and the risk of gonadal 
hyperstimulation, a potentially fatal side effect (8) . 

35 These limitations potentially would be overcome through 
the use of hormone analogs which combine FSH and LH 
activity in the same molecule. Although there is a 
naturally occurring hormone, equine lutropin (eLH) which 
exhibits both FSH and LH activity in certain nonequine 
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species (9) , its practical applicati n has been limited 
by side effects (8) and cross-species intolerance (3). 
Because the structural basis of th Lti and FSH activity 
of eLH has not been tmderstood, it has not been useful as 
5 a model for the engineering of mixed functions into 
hormones from other species. Further, it is not possible 
to reproducibly prepare eLH with different ratios of LH 
to FSH activity. In women with some forms of polycystic 
ovariem disease in which endogenous LH levels are 

10 elevated, it would be desirable to devise methods for 
producing glycoprotein hormone analogs which have a 
relatively higher ratio of FSH:LH activity. While 
protein engineering techniques have recently been 
reported to prepare analogs of hCG which bind with high 

15 affinity to FSH receptors (10), there has been no 
procedure for preparing glycoprotein hormones which bind 
well to LH and FSH receptors or which bind to LH and FSH 
receptors with a predictable ratio of FSH:LH activities. 

20 Pathological changes* in the ratios of FSH:LH 

are often associated with infertility (e.g., polycystic 
ovarian disease) . Induction of ovulation can be 
influenced by the ratio of FSHiLH in serum (9) and it 
would be desirable to prepare analogs of glycoprotein 

25 hormones with any given ratio of LH/FSH activity. 
Presently, the only means of adjusting the ratios of LH 
to FSH in hormone preparations is to add FSH, LH, or hCG 
to them or to change the purification scheme. LH, FSH, 
and hCG have greatly differing half-lives and the ratio 

30 of hormone activity following in vivo administration of 
these preparations changes with time. Thus, mixtures of 
FSH and LH would gradually assume a higher ratio of 
FSH:LH activity following administration due to the 
longer half -life of FSH relative to LH. Since hCG has a 

35 much longer half-life than FSH, the ratio of FSH:LH 
activity of hFSH/hCG mixtures would gradually decrease 
after administration. It would be desirable to have 
analogs which contained a predefined ratio of LH to FSH 
activity in the same molecule. The ratio of FSHrLH 
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activity in analogs with the capacity to bind to both LH 
and FSH receptors is expected to remain relatively 
constant after hormone administration • Analogs 
containing sequences derived from LH and FSH would have 
5 relatively short half -lives. In contrast, since the 
half -life of hCG is much longer than that of LH or FSH, 
if one were to use hCG as the primary structural 
component of these analogs^ it should be possible to make 
analogs with a very long half -life. This would reduce 

10 the amounts of the analog needed for a biological effect. 
Small amounts of these analogs with approximately equal 
LH and FSH activity would be expected to be useful for 
inducing ovulation in women with hypothalamic amenorrhea 
and in males who fail to undergo puberty. Small amounts 

15 of analogs with lower ratios of LH/FSH activity would be 
expected to be useful clinically in cases where some 
endogenous LH is present such as inducing ovulation in 
women with polycystic ovarian disease or for increasing 
spermatogenesis in azospermic males who have some 

20 circulating LH. Previously, we have shown that it is 
possible to produce hCG analogs having very low LH 
activity and very high FSH activity (10) . While these 
cire primarily useful as FSH analogs, their LH activity 
could be increased only if they were mixed with . hCG. 

25 Analogs of the human homoftones with significant intrinsic 
LH cind FSH activities have not yet been devised . In 
addition, based on the existing Jcnowledge of the 
structure and functions of the glycoprotein hormones 
reviewed below, there is no obvious strategy which can 

30 enable these analogs to be devised. 

structures of the Glycoprotein Hormones 

The structures of the glycoprotein hormones 
35 have been studied for many years and considerable 
infojnaation exists as to the relative roles of the 
hormone subxinits (11) . These hormones share a common 
alpha -subunit but differ in their hormone-specific beta - 
subunits which determine the biological and immunological 
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properties of each hormone. The sequences of the 
subunits were determined several years ago and were 
confirmed from the base sequences of the subunit cDNA 
which had been cloned from pituitary and placental 
5 libraries (12, 13). Substitution of the alEfea-sxxbunits 
of any one hormone for that of another does not change 
the receptor binding properties of the new hormone. 
Substitution of the beta-subunit is accompanied by a 
change in the receptor binding specificity of the 
10 resulting hormone. Thus, when FSH beta-subunit is 
substituted for the LH beta-subunit, the recombined 
hormone acquires the properties of FSH and loses those 
characteristics of LH. 

15 Several attempts have been made to identify 

portions of the alpha - and beta -subunits of the hormones 
which are responsible for their unique biological 
properties. Earlier studies were based on chemical 
modifications of the hormones (11). Modifications were 

20 described which reduced the biological activities of the 
hormones but no analogs were prepared which had switched 
LH and FSH receptor binding specificities. Due to the 
complexity of the hormones, this approach was xinable to 
identify 'amino acid residues which were involved in 

25 ligand binding specificity. In an attempt to simplify 
the problem of identifying residues which are involved in 
ligand binding specificity, some investigators prepared 
synthetic peptides corresponding to partial sequences of 
the alpha - or beta -subunits and monitored their abilities 

30 to inhibit binding of ^^^I-hCG and ^^^I-hFSH to LH and 
FSH receptors. Synthetic peptides corresponding to amino 
acid residues of hCG- beta 38-57 or hFSH- beta 31-52 appear 
to have higher abilities than most other peptides to bind 
to these receptors (14, 15, 16). However, they have 

35 extremely low affinities for the receptors, an 
observation which precludes their practical use. 

A breeikthrough in the ability to make and 
characterize glycoprotein hormone analogs came in 1985 
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When genetically engineered mammalian cells were first 
shown to express biologically active hCG heterodimers 
(17) . Since that time several laboratories have us d 
maxmnalian cells to express glycoprotein hormone analogs 
5 which are capable of binding to receptors and inducing a 
biological function (10, 18-21) • These analogs appear to 
be glycosylated similar to the naturally occurring 
hormones. While not important for hormone-receptor 
interaction, glycosylation of the hormones has been shown 

10 to be important for signal transduction in many species 
(22) • In these procedures one introduces a "gene" that 
encodes the desired amino acid sequences into mammalian 
cells downstream of a promoter. Construction of these 
genes is a standard recombinant DNA procedure wherein the 

15 codons of the genes encoding the alpha or beta-sxibunits 
of the hormones are changed to encode amino acid residues 
of the desired analogs using the well established genetic 
code (23, 24). When these gene constructs eire 
transfected into mammalian cells using standard protocols 

20 (23, 24), they direct the secretion of glycosylated 
hormone analogs into the culture media. These media can 
be assayed for the presence of immunological or 
biological activity (10, 21) . 



25 Using mammalian cell expression systems to maJce 

hormone analogs, Campbell et al. (10) engineered an 
analog which converted hCG from a hormone which bound to 
LH receptors to an analog which bound to FSH receptors 
and had only slightly higher affinity for LH receptors 

30 than FSH. Campbell et al. (10) were unsuccessful in 
obtaining cinalogs which had a high affinity for both LH 
and FSH receptors. As noted earlier, some naturally 
occurring analogs (i.e., eLH) can bind to both LH and FSH 
receptors and this property suggested that it should be 

35 possible to engineer human glycoprotein hormone analogs 
with the abilities to bind to both LH and FSH receptors. 
None of these analogs have been reported as yet. 



wo 92/22568 " ^ PCrAJS92/05207 

One of the most interesting findings made from 
the studies of Campbell et al. (10) was that the region 
of hCG and hFSH which appeared to be important for 
receptor interaction was different from that which had 
5 been presumed to interact with the LH and FSH receptors 
based on the results of studies using synthetic peptides. 
Indeed, Campbell et al> (10) found that the amino acid 
residues which had been thought to control receptor 
binding specificity on the basis of studies using 
10 synthetic peptides (i.e., amino acids 38-57 of hCG and 
32-51 of hFSH) did not convey receptor binding activity 
in the intact hormone, the form which had highest 
affinity for the receptors. 

15 

BRIEF DESCRIPTION OF THE FIGURES 



Figure 1 depicts in graphic format the ability 
20 of hCG , hFSH , and the alpha , beta-heterodimer ic 
polypeptide analogs of the present invention to inhibit 
binding of ^^^I-hCG to rat corpora luteal LH receptors. 

Figure 2 depicts in graphic format the ability 
25 of hCG, hFSH, and the alpha , beta-heterodimeric 
polypeptide analogs of the present invention to inhibit 
binding of •'•^^I-hFSH to bovine testes tissue homogenates. 

Figure 3 illustrates the effects of hFSH, 
30 CFlOl-109, and CF94-117 on hFSH receptor dependent 
responses (left panels) and hCG and CFlOl-109 on hLH 
receptor dependent responses (right panel) . The hFSH, 
CFlOl-109, and CF94-117 used in these assays was produced 
by C127 cell lines that were stably expressing hFSH or 
35 the analogs. 

Figure 4 illustrates the effects of hFSH, hCG, 
and CFlOl-109 on a Y-1 adrenal cell line that was stably 
expressing the rat FSH receptor. Both hFSH and CFlOl-109 
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caused these cells to make progesterone (measured by 
radioimmxmoassay) and round-up (detected by morphological 
observation) . hCG was without effect on these assays. 
In other studies, hCG and CFIO 1-109 caused rounding of Y- 
5 1 cells transfected with rat LH receptors. In the study 
shown here, Y-IF cells were added to a 24-well culture 
dish and grown xxntil 60-70% confluent in F-12 medium 
containing 15% horse serum and 2.5% fetal bovine serum. 
Hormones were added at the amounts indicated in a total 
10 volume of 0.2 ml and incxibation was continued for 4.5 
hours at 37° C. The plates were examined for roxinding at 
30 minutes, one hour, and at the end of the study. Cells 
treated with hFSH and CFlOl-109 rounded. Cells treated 
with hCG did not round. At the end of the study, the 
15 cells and medium were frozen and saved for progesterone 
assay. The progesterone was determined by RIA using a 
commercial kit obtained from Leeco, Southfield Michigan. 



20 



Figure 5 (TOP PANEL) illustrates the abilities 
of hCG and a series of CFlOl-109 analogs to bind to rat 
LH receptors expressed in CHO cells. Figure 5 (BOTTOM 
PANEL) illustrates the abilities of hFSH and the same 
series of CFlOl-109 analogs to bind to hximan FSH 
receptors' expressed in CHO cells. The concentrations of 
25 the analogs were determined using A113/B105 sandwich 
immunoassays . In both panels the solid lines are 
associated with the top 12 symbols. The dotted lines are 
associated with the lowest 5 symbols. 



30 Figure 6A illustrates the abilities of CFIOI- 

109 analogs to bind to FSH receptors compared with that 
of hFSH. The values were obtained by comparing the 
abilities of the analogs and hFSH to inhibit binding of 
^2^1-hFSH to CHO cells expressing FSH receptors. 

35 Figxare 6B illustrates the abilities of CFlOl-109 analogs 
to bind to LH receptors compared with that of hCG. The 
values were obtained by comparing the abilities of the 
analogs and hCG to inhibit binding of ^^^I-hCG to CHO 
cells expressing LH receptors. Figxire 6C illustrates the 
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relative LH and FSH potencies of the CFlOl-109 analogs* 
The values were obtained by dividing the potencies of th 
analogs relative to hCG by the potencies of the analogs 
relative to FSH, 

5 

Figxire 7 illustrates the abilities of hCG and a 
series of CFlOl-109 analogs to stimulate cyclic AMP 
formation from CHO cells stably expressing rat LH 
receptors (TOP PANEL) and the abilities of hFSH and the 

10 same series of CFlOl-109 analogs to stimulate cyclic AMP 
formation from CHO cells stably expressing human FSH 
(BOTTOM PANEL) . The concentrations of the analogs were 
determined using A113/B105 sandwich immunoassays. In 
both panels the solid lines are associated with the top 

15 12 symbols. The dotted lines are associated with the 
lowest 5 symbols. 

SUMMARY OF THE INVENTION 

20 

The present invention pertains to an alpha . 
beta -heterodimeric polypeptide having binding affinity to 
vertebrate luteinizing hormone (LH) receptors and 

25 vertebrate follicle stimulating hormone (FSH) receptors 
comprising a glycoprotein hormone a Ipha -subunit 
polypeptide and a non-naturally occurring beta-subunit 
polypeptide, wherein the beta -subunit polypeptide is a 
chain of amino acids comprising the following four joined 

3 0 sxibseguences : 

(a) a first subsequence homologous to the amino 
acid sequence of residues 1-93 of the beta -subunit 
selected from the group consisting of human chorionic 
35 gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; 
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(b) a second subsequence homologous to the 
amino acid sequence of residues 94-97 of the beta-subunit 
selected from the group consisting of human chorionic 
gonadotrophin (hCG) and vertebrate luteinizing hormone 

5 (LH) ; 

(c) a third subsequence homologous to the amino 
acid sequence of residues 98-100 of the beta-subunit 
selected from the group consisting of human chorionic 

10 gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; and 

(d) a fourth subsequence homologous to the 
15 amino acid sequence of residues 101-110 of the beta- 

siibunit of vertebrate follicle stimulating hormone. 



DETAILED DESCRIPTION OP THE INVENTION 

20 



The present invention relates to glycoprotein 
hormone analogs having altered receptor binding 
specificity and activity* Applicants have discovered 

25 that the residues important for receptor binding and 
specificity in glycoprotein hormones are located between 
Cys93 and CyslOO and CyslOO and CysllO of hCG. These 
residues correspond to hFSH residues 87-94 and 94-104. A 
wide variety of alpha , beta-heterodimeric polypeptides 

30 can be made to alter the LH and FSH receptor binding 
activity and specificity of the polypeptides without 
disrupting their abilities to form alpha . beta- 
heterodimers or react with antibodies. The finding that 
interactions between regions of hCG beta- subunit amino 

35 acids 94-97 and 101-106 (corresponding to hFSH beta- 
subunit amino acids 88-91 and 95-100) play a dominant 
role in determining hormone-receptor binding specificity 
was unexpected because 1) Keutmann H>T, et al. (14) , 
Santa coloma and Reichert (15) , and Schnever. 
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A>L. . et al. (16) had shown that synthetic peptides 
containing beta-subunit amino acids from portions of the 
region 38-57 of hCG and 32-51 of hFSH were able to bind 
to LH and FSH receptors with low affinity and 2) 
5 Campbell et al« (10) had shown that residues 94-117 acted 
to cause an almost total shift in receptor binding 
specificity- The region containing amino acids 94-97 by 
itself did not influence receptor binding specificity and 
it was believed that modification of other residues in 
10 the 94-117 region of the molecule would also have an all- 
or-none effect on receptor binding specificity. 

The alpha , beta-heterodimeric polypeptides of 
the present invention are "engineered" to alter the LH 

15 and FSH receptor binding activity and specificity of the 
polypeptides in vertebrates. Applicants have found that 
1) the region of the hCG beta -subunit between 94-97 
(i.e., "D" region) is most important for LH receptor 
binding activity and specificity, 2) the region of the 

20 hFSH beta -subunit between 100-106 (hCG ntuobering, i.e., 
"G" region) is most important for FSH binding activity 
and specificity and, 3) these regions ("D" and "G") of 
the beta -subunit are somewhat independent in activity. 
Substitution of a non-LH sequence in the "D" ' region will 

25 decrease binding of the polypeptide to the LH receptor. 
Substitution of a FSH sequence in the "G" region will 
increase binding of the polypeptide to the FSH receptor. 
Thus, it is possible to make modifications and 
substitutions in these regions to decrease the affinity 

30 of hCG for LH receptors and to dramatically increase the 
affinity of hCG for FSH receptors. The region of the 
beta -subunit between 1-93 and the choice of al pha -subunit 
does not appear to be important for LH and FSH binding 
activity and specificity. Hence analogs having a wide 

35 variety of activities can be made by altering the 
compositions of these two critical regions. 

Generally, amino acid sequence variants will be 
substantially homologous with the relevant portion of the 
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alpha s bcta-heterodimeric polypeptides as set forth in 
Tables 1 and 2. Substantially homologous means that 
greater than about 70% of the primary amino acid sequence 
of the candidate polypeptide corresponds to the sequence 
5 of the relevant portion of the alpha , beta-heterodimeric 
polypeptide when aligned in order to maximize the number 
of amino acids residue matches between the two 
polypeptides. Alignment to maximize matches of residues 
includes shifting the amino and/or carboxyl terminus, 

10 introducing gaps as recpiired or deleting residues present 
as inserts in the candidate polypeptide, or both. For 
example, see Tables 1 and 2 where the glycoprotein 
hormones and the alpha , beta-heterodimeric polypeptides 
are aligned for maximum homology. Typically, amino acid 

15 sequence variants will be greater than about 90% 
homologous with the corresponding sequences shown for the 
proteins in Tables 1 and 2. 



Variants that are not hormonal ly-active fall 
20 within the scope of this invention, and include 
polypeptides that may or may not be substantially 
homologous with a sequence described herein but which are 
1) immunologically cross-reactive with antibodies raised 
against the counterpart polypeptide or 2) capable of 
25 competing with such counterpart polypeptides for cell 
surface receptor binding. Hormonally active veoriants are 
produced by the recombinant or organic synthetic 
preparation of fragments or by introduction of amino acid 
sequence variations so that the molecule no longer 
30 demonstrates hormonal activity as defined herein. 



Immunological or receptor cross-reactivity 
means that the candidate polypeptide is capable of 
competitively inhibiting the binding of the hoiinonally- 
35 active analogue to polyclonal antisera raised against the 
hormonally-active analogue. Such antisera are prepared 
in a conventional manner by injecting goats or rabbits 
S.C. with the hormonally active analogue or derivative in 
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complete Freunds adjuvant, followed by booster 
intraperitoneal or S.C, injections in incomplete Frexmds. 

Variants that are not hormonally active but 
5 which are capable of cross-reacting with antisera to 
hormonally active polypeptides are useful a) as reagents 
in diagnostic assays for the analogues of their 
antibodies, b) when insolubilized in accord with known 
methods, as an agent for purifying anti-analogue anti- 
10 antibodies from anti-sera, and c) as an immunogen for 
raising antibodies to hormonally active analogues. 

In accordance with the invention , the 
terminology "glycoprotein hormone" refers to human 

15 chorionic gonadotrophin (hCG) , vertebrate luteinizing 
hormone (LH) , vertebrate follicle stimulating hormone 
(FSH) , and vertebrate thyroid stimulating hormone (TSH) . 
The teirm "chimera" is used to designate a hormone analog 
which contains amino acid sequences derived from two or 

20 more different glycoprotein hormones. 

In accord with the present invention, the 
alpha ^ beta-heterodimeric polypeptides comprise a 
glycoprotein hormone alpha-subunit polypeptide and a non- 
25 naturally occurring beta -subunit polypeptide. As set out 
above, the glycoprotein hormones share a common alpha- 
subunit. Substitution of the alpha -subunits of any one 
hormone for that of another does not significantly change 
the receptor binding properties of the new hormone. 
30 Accordingly, the alpha-subunit polypeptide in the present 
invention may be any vertebrate glycoprotein horroone 
alpha-subunit polypeptide- Nonlimiting examples of 
suitable alpha-subunit polypeptides include the alpha - 
sxibunits from human chorionic gonadotrophin (hCG) , 
35 vertebrate luteinizing hormone (LH) , vertebrate follicle 
stimulating hormone (FSH) , and vertebrate thyroid 
stimulating hormone (TSH), and mixtures. in a preferred 
embodiment, the glycoprotein hormone alpha -subunit 
polypeptide may be selected from the group consisting of 
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human chorionic gonadotrophin (hCG) and vertebrate 
luteinizing hormone (LH) - In a more preferred 

embodiment, the glycoprotein hormone alpha -subunit 
polypeptide is human chorionic gonadotrophin (hCG) - 
5 Preferably the glycoprotein hormone alpha-subunit 
polypeptide is a humcui polypeptide. 

The beta -subunit of the alpha > beta- 
heterodimeric polypeptide is a non-naturally occurring 
10 beta-subunit polypeptide which is a chain of amino acids 
comprising four joined sxibsequences • The foxir joined 
subsequences are as follows: 

(a) a first subsequence homologous to the amino 
15 acid sequence of residues 1-93 of the beta-siibtmit 

selected from the group consisting of human chorionic 
gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; 

20 

(b) a second sxibsequence homologous to the 
amino acid sequence of residues 94-97 of the beta-subunit 
selected from the group consisting of human chorionic 
gonadotrophin (hCG) and vertebrate luteinizing hormone 

25 (LH) ; 

(c) a third subsequence homologous to the amino 
acid sequence of residues 98-100 of the beta-subunit 
selected from the group consisting of hximan chorionic 

30 gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; 

(d) a fou3rth subsequence homologous to the 
35 amino acid sequence of residues 101-110 of the beta- 
subunit of vertebrate follicle stimulating hormone. 



In one embodiment, the invention is directed to 
an alpha , beta -heterodimeric polypeptide having greater 
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binding affinity for vertebrate follicle stimulating 
hormone (FSH) receptors than for vertebrate luteinizing 
hormone (LH) receptors comprising a glycoprotein hormone 
alpha -subunit polypeptide and a non-naturally occurring 
5 beta-subunit polypeptide, wherein the beta-subunit 
polypeptide is a chain of amino acids comprising the 
following four joined subsequences: 

(a) a first subsequence homologous to the amino 
10 acid sequence of residues 1-93 of the beta-subunit 

selected from the group consisting of hvtman chorionic 
gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; 

15 

(b) a second subsequence comprising 4 amino 
acids for residues 94-97; 

(c) a third subsequence comprising 3 amino 
20 acids for residues 98-100; and 

(d) a fourth subsequence homologous to the 
amino acid sequence of residues 101-110 of the beta - 
subxinit of vertebrate follicle stimulating hormone. 

25 

In another embodiment, the invention is 
directed to an alpha ^ beta-heterodimeric polypeptide 
having binding affinity to follicle stimulating hormone 
(FSH) receptors and luteinizing hormone (LH) receptors 

30 comprising a glycoprotein hormone alpha -subunit 
polypeptide and a non-naturally occurring beta -subunit 
polypeptide, wherein the beta -subunit polypeptide is a 
chimera comprised of amino acids 1-100 of any vertebrate 
glycoprotein hormone homologous to amino acids found in 

35 residues 1-100 of human chorionic gonadotropin and any 1- 
20 amino acids which binds LH receptors better than FSH 
receptors and has biological activity. 
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In a preferred embodiment, the alpha , beta- 
heterodimeric polypeptide is selected from the group 
consisting of "G", "DC", "Q", "D", "GT", and "DGT" as 
set out in Tables 1 and 2. In a more preferred 
5 embodiment, the alpha, beta -heterodimeric polypeptide is 



Table 1 is a representation of the alpha , beta- 
heterodimeric polypeptides of the present invention using 

10 the one letter code and aligned in order to maximize the 
number of amino acids residue matches between the two 
polypeptides. Table 2 is a representation of the alpha, 
beta -heterodimeric polypeptides of the present invention 
using the three letter code. Abbreviations: A, Ala; C, 

15 Cys; D, Asp; E, Glu; F, Phe, G, Gly; H, His; I, He; K, 
Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, 
Ser; T, Thr; V, Val; W, Trp; Y, Tyr. 
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TABLE 2 

AHINO ACID SEQUEHCES OF THE beta-SUBUMITS OF hCC, hLH, hFSH, 
AND THE alpha. beta-HETERODIHERIC POLYPEPTIDE AMALOGS 

5 

hCG 

SerLysGltProLeuArePi^rgCysAi^ProIleAsnALaThrLeuAlaValGluLys 
CysUeThrValAsnlleThrlleCysAlaGlyTyrtVsProThrHetThrArgValL^ 
10 AlaLeuProGlnValValCysAsnTyrArgAspValArgPheGluSerUeAf^LeuProGlyC^ 

ValAsnProValValSerTyrAlaValAlaLeuSert^fsGlnCysAlaLeuCysArgArgSerThrThr^ 

GlyGlyProLysAspHisProLeuThrCysAspAspProArgPheGlnAspSei^erSerS 

ProSerLei#roSerProSerApgLeuPpoGlyProSerAspThrProIleLeuPro6ln 

15 hFSH 

AsnSerCysGluLeuThrAsnl leThrlleAlal leGluLysGluGluCysArgPheCysI leSerl leAsnl le 
ThrTrpCysAlaGlyTyrt/sTyrThrArgAspLeiiValTyrLysAspProAla^ 
CysThri^heLysGluLeilVaLTyrGluThrValArgVatProGlyCysAlaHisHisAlaAsp^ 
20 TyrProVaULaLeuGlnCysHisCysGlyLysCysAspSerAspSerThrAspCysThrValArgGlyLeuGly 
ProSerTyrCysSerPheG lyGLiAetLysG lu 

eCG 

2 5 SepArgGlyProLeiiArgProLeuCysApgProI LeAsnALaThrLeuAlaAlaGluLysGluAlaCysProI le 

CysIleThrfheThrThpSerlleCysAlaGlyTyrCysProSertetValArgValMetP 

Alal leProGlnProValCysThrTyrArgGluLeuArgPheAlaSerl LeArgLeuProGlyCysProProGly 

ValAspProHetValSerPheProVaUlaLeuSerCysHisCysGlyProCysGlnlleLysThrThrAspC^ 

GlyValPheApgAspGlnProLeuAlaCysAlaPPoGlnAtaSerSerSerSerLysAspProPpoSerGlnPro 

3 0 LeuThpSepThpSepThpPpoThpProGlyAlaSepArgApgSerSepHisPpoLeiPpoI leLysThpSer 

hTSH 

PheCysI leProThpGluTypHetThpHf si leGluArgArgGluCysAlaTyrCysLeuThPl leAsnThpThr 
3 5 I leCysALaGlyTypCysMetThpArgAspI leAsnGlyLysLeuPheLeiri>roLysTypAlaLeuSepGlnAsp 

ValCysThrTypApgAspPhelleTypArgThpVaLGluIlePpoGlnCysPPoLeuHisValAlaPpoTypPhe 
SepTyrProValAlaLeuSepCysLysCysGlyLysCysAspThpAspTypSerAspCysI leHisGluAlal le 
LysThpAsnTyrCysThrLysPPoGlnLysSerTyr 

40 Analog «G" 

SerLysGluPpoLeuArgProArgCysApgProIleAsnAlaThpLeuAlaValGluLysGluGlyCysProVal 
Cysl leThrValAsnl leThpI leCysAlaGlyTypCysProThrHetThpArgValLeuGlnGlyValteuPPO 
ALaLeid>Po6lnValValCysAsnTypApgAspValArgPheGluSepI leApgLeuPPoGlyCysPpoArgGly 
45 valAsnProValValSepTypALaValAlaLeoSePCysGlnCysAlaLeuCysApgApgSerThpThPAspCys 
ThpVaUrgGlyLeuGlyProSerTyrCysAspAspPpoApg 

Analog "DG'" 

50 sepLysGluPPoLeuApgPPoApgCysApgPpoIleAsnAlaThpLeuAlaValGluLysGluGlyCysProVal 
Cysl leThrValAsnUeThPl leCysAlaGlyTypCysPpoThrHetThpApgValLeuGlnGlyValLeuPro 
AlaLeuProGlnValValCysAsnTyrApgAspValArgPheGluSepIleApgLeuProGlyCysPpoApgGly 
ValAsnPpoValValSerTypAlaValAlaLeuSepCysGlnCysAULeuCysAspSepAspSepThPAspCys 
ThpValArgGlyLeuGlyPPoSepTypCysSerPheGlyGlu 
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Analog "Q" 

5 

SerLysGliProLeuArgProiAr^CysArgProIleAsnAlaThrLeuAtaValGluLysGluGlyCysPro^ 
Cysl leThrValAsnl leThpI leCysAlaGlyTyrCysProThrMetThrArgValLeuGlnGl^^ 
A laLeuProG InVa I Va iCysAsnTyrArgAspVa I ArgPheG I uSer I leArgLei^roG I yCysProArgG ly 
ValAsr^roValValSerTyrAlaVatAlaLeuSerCysGlnCysAlaLeuCysAspSerAspSerThrAspCys 
10 GlyG lyPpoLysAspHisProSerTyrCysSerPheG lyG lu 



Analog »*D" 



SerLysG luP roLeuAi^roArgCysArgProI leAsnA I aThrLeuA I aVa I G luLysG I uG I yCysPra^ 
15 Cysl leThrValAsnl leThrl leCysAlaGlyTyrCysProThrMetThrArgValLeuGlnGlyValLeuPro 

A laLeuProG InValValCysAsnTyrArgAspValArgPheG luSerl leArgLeuProGlyCysProArgG I y 
ValAsnProValValSerTyrAlaValAlaLeuSerCysGlnCysAlaLeuCysAspSerAspSerThrAspCys 
GlyGlyProLysAspH i sProLeuThrCysAspAs|:^raArgPheG InAspSerSerSerSerLysA laProPro 
ProSerLeuProSerProSerApgLeuProG I yProSerAspTh pprol I eLeUProG In 



20 



Analog "GT" 



SerLysG I liProLeuArgProArgCysArgProI I eAsnA I aTh rLeuA I aVa L 6 luLysG I uG lyCysProVa I 
Cysl leThrValAsnl leThrl leCysAlaGlyTyrCysProThrMetThrArgValLeuGlnGlyValLeUPro 
25 AlaLei^roGlnValValCysAsnTyrArgAspValArgPheGluSerlleArgLeuProGlyCysProArgGly 
Va lAsnProVal Va I SerTyrA laVa I A I aLeuSerCysG InCysA I aLeuCysArgArgSerThrTh rAspCys 
U eH i sG luA I a 11 eLysThrAsnTyrCysTh rLysProG InLysSerTyr 



Analog "OGT" 

30 

SerLysG I UProLeuArgProArgCysArgProI I eAsnA I aTh rLeuA I aVa I G I uLysG luG I yCysProVa I 
CysUeThrValAsnl leThrl leCysAlaGlyTyrCysProThrHetThrArgValLeuGlnGlyValLeuPro 
Al aLeiif roG I nVal Va ICysAsnTyrArgAspVa I ArgPheG I user 1 1 eArgLeuProG I yCysProArgG ly 
Va I AsnProVa I Va I SerTyrA I aVa I A laLeuSerCysLysCysG lyLysCysAspThrAspTyrSerAspCys 
35 I leHisGluAlal I eLysThrAsnTyrCysTh rLysProG InLysSerTyr 
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The activities of alpha , beta-heterodimeric 
polypeptide analogs "DC," "Q," "D," "GT," and "DGT" are 
illustrated in Table 3, Figure l,and Figure 2 along with 
hCG, hFSH, and eLH controls. The properties of some of 
these emalogs have been described previously (10) . 



10 



Table 3 

ACTIVITIES OF THE aloha . beta -HETERODIMERIC POLYPEPTIDE 
ANALOGS RELATIVE TO THAT OF hCG AND hFSH. 



ANALOG 


LH RECEPTORS 


FSH RECEPTORS 


rhCG 


1.0 


N.D. 


rhFSH 


N.D. 


1.0 


eCG 


0.53 


0.18 


G 


0.62 


0.29 


DG' 


N.D. 


0.32 


Q 


0.15 


N.D. 


D 


0.065 


N.D. 


GT 


0.33 


N.D. 


DGT 


N.D. 


N.D. 



15 



20 



These values were obtained by dividing the 
concentration of analog required to inhibit I-hCG 
binding to rat luteal ovarian LH receptors or ^^^I-hFSH 

25 binding to bovine testes FSH receptors by 50% into that 
required for recombinant hCG and recombinant hFSH, 
respectively- The concentrations of the analogs were 
determined by sandwich immunoassay using antibodies BIOS 
and A113. The term "N.D." means not determined because 

30 concentrations of analog were not employed high enough to 
detect 50% inhibition. This was because the amounts of 
hFSH needed to bind to LH Receptors are several orders of 
magnitude greater than that of hCG and vice versa the 
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amounts of hCG needed to bind to FSH receptors are 
several orders of magnitude greater than that of hFSH. 

These results show that it is possible to 
5 control the ratio of FSHzLH activity by modulating 
residues corresponding to hCG amino acids 94-99 and 101- 
109, hPSH cimino acids 88-93 and 95-103, or hTSH amino 
acids 89-94 and 96-104. These regions are termed "D" and 
"G", respectively (c.f.. Table 1) • In general, 

10 substitution of a non-LH sequence in the "D" region 
decreases binding of the polypeptide to the LH receptor 
while substitution of a FSH sequence in the "G" region 
increases binding of the polypeptide to the FSH receptor. 
Analogs containing both "D" and "G" from hCG bind to LH 

15 receptors like hCG (10) . Analogs containing both "D" and 
"G" from hFSH bind to FSH receptors like FSH (10). 
Analogs containing ♦^D" from hCG and "G" from hFSH bind 
well to both LH and FSH receptors (Table 3, Figure 1, and 
Figure 2) . Analogs containing "D" from hFSH and "G" from 

20 hCG bind to LH receptors with considerably lower potency 
than hCG (10, Table 3, Figure 1, and Figure 2) and do not 
bind to FSH receptors. Analogs with "D" from hCG and "G" 
from TSH (i.e., "GT") bind to LH receptors but not to FSH 
receptors (Table 3, Figure 1, and Figure 2). Analogs 

25 with "D" and "G" from hTSH do not bind very well to 
either LH or FSH receptors (Table 3, Figure 1, and 
Figure 2) . 

These results show that it is possible to 
30 convert a human hormone into a molecule which binds to 
both LH and FSH receptors by using the "D" region from 
hCG and the "G" region from hFSH. Since replacement of 
the "D" region of hCG by residues from the "D" region of 
hFSH or hTSH dramatically lowers the ability of the 
35 analog to bind to LH receptors (i.e., compare hCG with 
analog "D," analog "G" with analog "DG'," and analog "GT" 
with analog "DGT") , it is clear that hFSH or hTSH 
substitutions in the "D" region which will make the 
analog less like hCG and will decrease its ability to 
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bind to LH receptors. If the "G" region in these analogs 
is derived from hFSH, they will bind well to FSH 
receptors (i.e., compare analog "G" with analog "DG^"). 
OJhus, as the residues in the "D" region are changed from 

5 those of hCG or any other hormone which binds to LH 
receptors to those of hFSH or hTSH, the ratios of LH:FSH 
activities will decrease and the analog will appear to 
behave more like FSH. 



10 While the "D" region appears to have the 

greatest influence on binding of the analogs to LH 
receptors, the "G" region appecirs to have the greatest 
influence on binding of the analogs to FSH receptors. 
Thus, analog "G" binds FSH receptors better than analog 

15 "GT." Similarly, analog "DG'" binds FSH receptors better 
than analog "D" (Table 3, Figure 1, and Figure 2). Thus, 
as the residues in the "G" region are changed from hFSH 
or any other hormone which binds to FSH receptors to 
those of hCG or hTSH, the molecule will lose its ability 

20 to bind to FSH receptors, the ratios of LH:FSH activities 
will increase, and the analog will appear to behave more 
like hCG or LH. 

By systematically varying the composition of 
25 residues in the "D" and "G" region between those of hCG, 
hFSH, and hTSH, it is possible to create a hormone cinalog 
which has any desired ratio of LHiFSH activity. Other 
regions of the hormone do not appear to have significant 
influence on receptor binding specificity (10) . 

30 

Certain data suggest that the minimum sizes of 
regions "D" and "G" may be smaller than the sizes 
indicated. Thus in region "D" there are only 4 amino 
acids which differ between hCG and hFSH. Of these amino 
35 acids, only three are highly non-conserved (i.e., 
RRS/DSD) . In region "G" there are 8 amino acids 
different between hCG and hFSH, however, it is clear that 
only 6 of these amino acid residues play an important 
role in receptor binding specificity. Thus, analog "Q" 
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retains its ability to bind to LH receptors (Table 3, 
Figure 1, and Figure 2) even though it has two amino acid 
residues (i.e., 108 and 109) which are specifically found 
in the "G" region of hFSH, not hCG. On this basis, only 
5 6 residues are believed to be critical in the "G" region. 

The compounds of the present invention while 
effective in the form of the free form may be formulated 
and administered in the form of the therapeutically or 

10 phcirmaceutically acceptable acid addition salts for 
purposes of stability, convenience of crystallization, 
increased solubility and the like. These acid addition 
salts include inorganic acid salts such as hydrochloric, 
hydrobromic, sulfuric, nitric, phosphoric, perchloric 

15 acid salts and the like; and organic acid salts such as 
acetic, trif luoroacetic, propionic, oxalic, 

hydroxyacetic , methoxyacetic , 2-hydroxypropanoic , 

2-oxopropanoic, propanedioic, 2-hydroxy-butanedioic, 
benzoic , 2-hydroxybenzoic , 4-amino-2-hydroxybenzoic , 

20 3 -pheny 1-2 -pr openoic , aleha-hydroxybenz eneacetic , 

methanesulf onic , ethanesulf onic , benzenesulf onic , 

toluenesulf onic , cyclohexanesulf amic , succinic , tartaric , 
citric, maleic, fumaric acid salts and the like. The 
preferred 'acid addition salts are chloride, oxalate and 

25 citrate. These acid addition salts can be prepared by 
conventional methods, such as by treatment of the free 
base of the inventive compound with the appropriate acid. 

The compounds of the present invention, 
30 prepared in the free form, can be combined with a 
pheunaaceutically acceptable carrier to provide a 
pharmaceutical composition. Suitable carriers for the 
free bases include propylene glycol-alcohol-water, 
isotonic water, sterile water for injection (USP) , 
35 emulphor™"alcohol-water, cremophor-EL™ or other 
suitable carriers known to those skilled in the art. 

The compounds of the present invention, 
prepared in the pharmaceutically acceptable acid addition 
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salt form, can also be combined with a pharmaceutically 
acceptable carrier to provide a pharmaceutical 
c mposition. Suitable carriers for the acid addition 
salts include isotonic water, sterile water for injection 
5 (USP) , alone or in combination with other solubilizing 
agents such as ethanol, propylene glycol, or other 
conventional solubilizing agents known to those skilled 
in the art. 



10 Of coxirse, the type of carrier will vary 

depending upon the mode of administration desired for the 
pharmaceutical composition as is conventional in the art. 
A preferred carrier is an isotonic aqueous solution of 
the inventive compound. 

15 

The compounds of the present invention can be 
administered to mammals, e.g., animals or humans, in 
amounts effective to provide the desired therapeutic 
effect. Since the activity of the compounds and the 

20 degree of the desired therapeutic effect vary, the dosage 
level of the compound employed will also vary. The 
actual dosage administered will also be determined by 
such generally recognized factors as the body weight of 
the patient and the individual hypersensitiveness of the 

25 particular patient. Thus, the unit dosage for a 
particular patient (man) can be as low as about 
0.00005 mg/kg, which the practitioner may titrate to the 
desired effect. 



30 The compounds of the present invention can be 

administered parenterally, in the form of sterile 
solutions or suspensions, such as intravenously, 
intramuscularly or subcutaneous ly in the carriers 
previously described. The compounds may also be 

35 administered orally, in the form of pills, tablets, 
capsules, troches, and the like, as well as sublingually, 
rectally, or transcutaneous ly with a suitable 
pharmaceutically acceptable carrier for that particular 
mode of administration as is conventional in the art. 
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For parental therapeutic administration/ the 
compounds of the present invention may be incorporated 
into a sterile solution or suspension. These 
5 preparations should contain at least about 0.1% of the 
inventive compound, by weight, but this amount may be 
varied to between about 0.1% and about 50% of the 
inventive compound , by weight of the parental 
composition. The exact amoimt of the inventive compound 

10 present in such compositions is such that a suitable 
dosage level will be obtained. Preferred compositions 
and preparations according to the present invention are 
prepared so that a paranteral dosage unit contains from 
between about 0.5 milligrams to about 100 milligrams of 

15 the inventive compound. 

The sterile solutions or suspensions may also 
include the following adjuvants: a sterile diluent, such 
as water for injection, saline solution, fixed oils, 

20 polyethylene glycol, glycerine, propylene glycol, or 
other synthetic solvent; antibacterial agents, such as 
benzyl alcohol or methyl paraben; antioxidants, such as 
ascorbic acid or sodium metabisulf ite; chelating agents, 
such as ethylenediaminetetraacetic acid (EDTA) ; buffers, 

25 such as acetates, citrates or phosphates; and agents for 
the adjustment of tonicity, such as sodium chloride or 
dextrose. The parental preparations may be enclosed in 
ampules, disposable syringes, or multiple dose vials made 
of glass or plastic. 

30 

The compounds of the present invention can 
also be administered orally. For oral therapeutic 
administration, the compounds may be incorporated with 
excipients and used in the form of tablets, capsules, 
35 elixirs, suspensions, syrups, wafers, chewing gums and 
the like. These preparations should contain at least 
about 4% of the inventive compound, by weight, but this 
amount may be varied depending upon the particular dosage 
form from between about 4% to about 70% of the inventive 
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compound, by weight of the oral composition. The xact 
amoxint of the compoxind present in the composition is such 
that a suitable dosage will be obtained. Preferred 
compositions and preparations according to the present 
5 invention are prepared so that an oral dosage unit foma 
contains from between about 5 to about 300 milligrams of 
the inventive compound. 



The tablets, pills, capsules, troches emd the 

10 like may also contain the following adjuvants: a binder, 
such as microcrystalline cellulose, gum tragacanth or 
gelatine; an excipient, such as starch or lactose; a 
disintegrating agent, such as alginic acid, Primogel, 
corn starch and the like; a lubricating agent, such as 

15 magnesium stearate or Sterotex; a gliding agent, such as 
colloidal silicon dioxide; a sweetening agent, such as 
sucrose or saccharin; and a flavoring agent, such as 
peppermint, methyl salicylate or orange flavoring. When 
the dosage form is a capsule, it may additionally contain 

20 a liquid carrier such as a fatty oil. Other dosage unit 
forms may contain other materials which modify the 
physical form of the dosage unit , such as enteric 
coatings. Thus tablets or pills may be coated with 
sugar, shellac, or other enteric coating agents. A syrup 

25 may contain, in addition to the above adjuvants, sucrose 
as a sweetening agent, preservatives, dyes, coloring 
agents and flavoring agents. 

It is especially advantageous to formulate the 
30 pharmaceutical compositions in dosage unit foras for ease 
of administration and uniformity of dosage. The term 
dosage unit forms as used herein refers to physically 
discrete units suitable for use as a unitary dosage, each 
unit containing a predetermined quantity of active 
35 ingredient calculated to produce the desired therapeutic 
effect in association with the pharmaceutical carrier. 
Examples of such dosage unit forms are tablets (including 
scored or coated tablets), capsules, pills, powder 
packets, wafers, injectable solutions or suspensions, 
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teaspoonf uls , tablespoonfuls and the like, and segregated 
multiples thereof. 

Throughout this application, various 
5 publications have been referenced. The disclosures in 
these publications are incorporated herein by reference 
in order to more fully describe the state of the art. 



The present invention is further illustrated by 
10 the following examples which are not intended to limit 
the effective scope of the claims. All parts and 
percentages in the examples and throughout the 
specification and claims are by weight of the final 
composition unless otherwise specified. 

15 

EXAMPLES 
Preparation of "GT" 

20 pSVLB' was prepared by subcloning of the Xhol- 

BamHI fragment of pKBM-hCGB' vector (10) into the Xhol- 
BamHI sites of pSVL (obtained from Pharmacia Co., 
Piscataway, NJ) . The approximately 3.6-3.7Kbp PvuII-SstI 
fragment from pSVL-hCGB' was ligated with the synthetic 

25 oligonucleotide pair: 

CQCALCRRSTTDCIHEAIKTNYCTKPQKSY* 
5'- 

CTGTCAATGTGCACTCTGCCGCAtSATmCCACTGACTGCATACATGMGCCATCAAGAC^ 
30 GGCAGGTGAGCT-3' 
and 
3'- 

GACAGTTACACGTGAGACGGCGTCTAGATGGTGACTGACGTATGTAaTCGGTAGTTCTGTTTGATGACGTGGTnGGAGTCnCAGGA^ 
CCGTCCAC-5'. 

35 

An aliquot of the ligation mixture was taken 
and used to transform DH5-al pha strain E. coli. (obtained 
from Bethesda Research Laboratories, Gaithersburg, MD) . 
Plasmid DNAs from ampicillin-resistant DH5- alpha clones 
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were screened by digestion with Bglll (which is unique to 
vectors containing the cassette) and EcoRI (which cuts in 
the vector) . Positive clones were identified by the 
presence of two fragments (approximately O.SKbp and 
5 2.9Kbp). The sequence in the coding region of one of 
these plasmids, which lacked most of the beta-subunit 
cDNA due to excision of the PvuII fragment, was confirmed 
by dideoxysequencing as described (10) . The remainder of 
the beta-sub\init cDNA (encoding hCGB amino acids 1-87) 

10 was restored by ligation of the 2-3Kbp PvuI-PvuII 
fragment of this vector and the 2.9Kbp PvuI-PvuII 
fragment from pSVL-hCG-beta' . The ligation mixture was 
used to transform DH5 -alpha strain E. coli. and 
ampicillin resistant clones were obtained. Miniprep 

15 plasmid DNA from these clones were digested with EcoRI 
and Bglll, and DNA from positive clones exhibited 
fragments of approximately 2.5Kbp and 2.9Kbp. After the 
DNA was subjected to a dideoxy sequencing procedure to 
confirm that it encoded "GT" (Table 1), the plasmid DNA 

20 was then cotransfected into COS-7 cells (obtained from 
the American Type Culture Collection) along with pSVL- 
hCG-alpha/ a pSVL-based plasmid encoding the human 
glycoprotein hormone alpha -subunit (10, 21), using a 
DEAE-dextran procedure (10) . Beginning in 1-2 days and 

25 for a few days thereafter, the COS-7 cells produced 
significant amounts of the free subtinits and the 
heterodimer. These were present in the culture media and 
heterodimer was detected using sandwich immvmoassays 
employing monoclonal antibodies A113 and B105 (10) . The 

30 protein was concentrated by ultrafiltration and monitored 
for its abilities to bind to LH and FSH receptors by 
radioligand receptor assays using ^^^I-hCG and ^^^I-hFSH 
as tracers and rat ovarian corpora lutea and bovine 
testes as sources of LH and FSH receptors as described 

35 (10). 
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Pr paration of "G" 

We have found that an alpha > beta-heterodimer 
composed of the alpha -subunit of hCG and an hCG/hFSH 
5 beta -subunit chimera termed "G" having the amino acid 
sequence illustrated in Table 1 has high affinity for LH 
and FSH receptors as shown by its ability to compete with 
radiolabeled hCG and/or hFSH for binding to these 
receptors (Table 3, Figures 1 and 2). This analog can be 
10 prepared in a variety of methods well-known to one versed 
in the art of molecular biology, one of which is 
described here. The cDNA for analog "GT' was digested 
with Bglll and SstI and the 5.2-5. 3Kbp fragment was 
ligated with the oligonucleotides: 

15 

RSTTDCTVRGLGPSYCDDPR* 

5'-GATCTACCACTGACTGCACCGTGA6AGGCCTCGGGCCCTCTTACTGCGATGACCCGCGGTAGAGCT-3' 

and 

3'-AT6GTGACTGACGTGGCACTCTCCGGAGCCC6GGAGAATGACGCTACTGGGCGCCATC-5' 

20 

using standard methods (23, 24). The ligation mixture 
was used to transform competent DH5- alpha strain E. coli. 
(23, 24) . Transformed cells were selected by their 
abilities to grow on agar plates containing amphicillin. 

25 Ampicillin resistant colonies were chosen and plasmid 
minipreparations were made by the boiling lysis method 
(23, 24). The plasmid DNA was then tested for the 
presence of Hindlll-Apal endonuclease restriction sites. 
Plasmid DNA having the desired sequences was cleaved into 

30 three fragments (approximately O.SKbp, l.lKbp, and 
3.4Kbp). After the DNA was subjected to a dideoxy 
sequencing procedure to confirm that it encoded "G" 
(Table 1) , the plasmid DNA was then cotransfected into 
COS-7 cells (obtained from the American Type Culture 

35 Collection) along with pSVL-hCG-alpha, a pSVL-based 
plasmid encoding the alpha-subunit (10, 21), using a 
DEAE-dextran procedure (10, 21, 23, 24). Beginning in 1- 
2 days and for a few days thereafter, the COS-7 cells 
produced significant amounts of the free subunits and the 
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heterodimer. These were present in the culture media and 
heter dimer was detected using sandwich immunoassays 
employing monoclonal antibodies A113 and B105 (10) . The 
protein was concentrated by ultrafiltration and monitored 
5 for its abilities to bind to LH and FSH receptors by 
radioligand receptor assays using ^^Sj.j^cg and ^^^l-lsFSE 
as tracers and rat ovarian corpora lutea and bovine 
testes as sources of LH and FSH receptors as described 
(10). 



10 



Preparation of "D" and "DG'" and "Q" 



Preparations of analogs "D" and "DG"' have been 
described previously (10) and are the same as those of 

15 analogs CF94-97 and CF94-114 in that report, 
respectively. Analog "Q" was prepared from the 

expression vector encoding analogs "D" and CF108-114 (10) 
by digesting them with PpuMI, separating ttie fragments on 
agarose gels, and ligating the large fragment obtained 

20 from CF108-114 with the small fragment obtained from "D." 
The resulting plasmid was then cotransf ected into COS-7 
cells along with pSVL-hCG-alsha and the media assayed for 
the presence of the analogs using an A113-B105 sandwich 
immunoassay as described (10) . 

25 

Preparation of "DGT" 



Plasmid pSVL-hCGB' was sequentially digested 
with SstI and PvuII and the 3.6Kbp fragment was ligated 
30 with the synthetic DNA cassette formed by annealing the 
following oligonucleotides: 
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CKCGKCMTDYSDCIHEAIKTNTCTKPQICSY* 
5'- 

CTGTAAGTGT6GCAA(n(KyWTACTGACTACAGTGACTGTATACATGAAGCCATCAAGACAM 
5 GGCAGGTGACCT-3' 
and 
3'- 

GACATT(»CACC6TTCAC6mTBACTGATGTCACTGAWTATGTACTTC66TA6TTCTGTTT6ATBACGTGG 
CCGTCCAC-5'- 

10 

The ligation mixture was used to transform DH5- 
alpha E. coli* and miniprep plasmid DNA obtained from 
ampicillin resistant colonies was screened for the 
presence of an approximately 0^6Kbp fragment released by 
15 digestion with Accl. After DNA sequencing was performed 
to confirm that the construct encoded the desired 
sequence, it was cut with PvuII and ligated with the 
1.6Kbp fragment of pSVL-hCGB'. The ligation product was 
transformed into DHS-alpha strain E. coli. and positive 
20 clones were selected • Plasmid DNA was prepared by 
boiling lysis and digested with EcoNI and Xhol. DNA 
which had the insert in the correct orientation produced 
fragments approximately 2.6Kbp, 1.7Kbp, O.SKbp, 0.25Kbp, 
and 0.15Kbp. The plasmid DNA was then cotransf ected into 
25 COS-7 cells (obtained from the American Type Culture 
Collection) along with pSVL-hCG- alpha . a pSVL-based 
plasmid encoding the alpha-subunit (10, 21) , using a 
DEAE-dextran procedure (10, 21, 23, 24). Beginning in 1- 
2 days and for a few days thereafter, the COS-7 cells 
30 produced significant amounts of the free subunits and the 
heterodimer. These were present in the culture media and 
heterodimer was detected using sandwich immunoassays 
employing monoclonal antibodies A113 and B105 (10), The 
concentration of the protein was concentrated by 
35 ultrafiltration and monitored for its abilities to bind 
to LH and FSH receptors by radioligand receptor assays 
using ^^^I-hCG and ^^^I-hFSH as tracers and rat ovarian 
corpora lutea and bovine testes as sources of LH and FSH 
receptors as described (10) . 
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The procedures set out below produce the alpha ^ 
beta -heterodimeric polypeptides in a transient fashion. 
As is well known in the art, vectors other than pSVL can 
5 be chosen which will enable the protein to be expressed 
in a stable fashion in larger quantities. The DNA 
sequences described above can be excised from pSVL and 
then subcloned into any other expression vector. Cell 
types other than COS-7 cells can be used to express the 
10 analogs. These include virtually any eucaryotic cell for 
which an expression vector is known or can be devised and 
include mammalian cells, insect cells, yeast cells, 
fungal cells, and plant cells. 

15 The abilities of the analogs to inhibit binding 

of ^2^1-hCG to rat corpora luteal LH receptors was 
performed by procedures similar to those described 
previously . Immature rats were given in j ections of 
pregnant mares serum gonadotropin and hCG to induce the 

20 formation of corpora lutea. The ovaries were removed 
from the animals , homogenized , and stored at a 
concentration of approximately 5mg homogenate tissue in 
100 ul buffer (25) . 

25 The abilities of the analogs to inhibit binding 

^25j_jjp3jj to bovine testes tissue homogenates was 
performed by procedtires similar to those described 
previously (10) . 

3Q Figures 1 and 2 depict in graphic format the 

ability of hCG, hFSH, and the alpha , beta-heterodimeric 
polypeptide analogs of the present invention to inhibit 
binding of ^^^I-hCG to rat corpora luteal LH receptors 
and binding of ^^^I-hFSH to bovine testes tissue 

35 homogenates, respectively. 

To obtain additional evidence for our observation 
that the determinants of LH and FSH receptor binding 
specificity are independent, we prepared a series of 
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analogs of hCG which had a wide range of LH/FSH 
activities. We started with the analog that had 
approximately equal LH and FSH binding activities (this 
analog has been called a variety of names including "6" 
5 and "CFlOl-109") . This anaolg contains hFSH Jbeta-subunit 
residues 95-103 for hCG Jbeta-subunit residues 101-109 in 
cm hCG Jbeta-subunit analog which is truncated after 
residue 114. The sequence of this analog is set out 
below. The residues derived from the hFSH Jbeta-sxibunit 
10 are underlined. The leader sequence is omitted. 

9 23 26 34 38 57 72 

SKEPLRPRCRPINATUVEICEGCPVCITVNTTICAGYCPTMTRVLQGVLPALPQWCNYRDVRFESIRLPGC 
88 93 100 110 
1 5 PRGV«PWSYAVALSCQCALCRRSTTP CTVRGLGPSY a)DPR 

To facilitate making analogs in the 94-97 region, 
we made intermediate analogs MB135 and MB140. These were 
modified to give the desired analogs using cassette 
20 mutagenesis with short synthetic DNA oligos (i.e., 18- 
mers) . 

ANALOG MB135: (Converts G^^^/V in hCG beta- 
subunit residues 1-114.) This analog was made after 

25 considering the sequences of all mammalian glycoprotein 
hormones with LH and FSH activities. One of these, 
equine LH, has the ability to bind to rat LH and FSH 
receptors. Equine LH is very similar to hCG except in 
the region between 101-109 (26). One residue which might 

30 be critical in this region is the valine at 102. 
Therefore, we changed the glycine found in hCG at 
position 102 to valine. 

We synthesized oligos 435 and 436 having the 
35 following sequences: 

435: 5'-GTGGCTCTCAGCTGTCAATGCGCGCTCTGCCGCAGATCTACCACTGACTGCGGGGTCCCTAACGACCAC-3' , and 
436: 3' -TGACTGACGCCCCAGGGAnCXTGGTGGGGAACTGGACACTACTGGGGGCGATTCTCGAGCCTAGGCACACC-S' . 
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These were annealed and filled-in using Tag 
polymerase to give a product which encodes amino acids 
homologous to those of hCG 2>eta-subunit between 84-114 
except at residue 102 and introduces the BssHII 
5 restriction site in the DNA as shown: 

88 93 100 110 

VALSCQCAtCRRSTTDCCVPKOHPLTCDDPR* 

CTRRrTCTCA GCTGTCAATGCGCGCTCTGCCTtaGATCTAIXACTM 

10 AGAGCTC6GATCCGTGAGG 

CACCGAGAGTCGACAGnACGCGCGAGACGGCGTCTAGATGCTCA^^ 

TCTCGA 6CCTAGGCACACC 

CAG^TG G^GCGC A^GATCT 6ACHHMimHGTC(DrdI) 

GAGCT^CGG^ATCC 

15 PvuII BSSHII Bglll PG'^GWGCyCPpuHI) 

(SscI-BaiAHI) 

CCTNAGGCHstll) 



(In this diagram, the sequences derived from 

20 the original oligos are underlined. The locations of 
restriction sites that were created are also noted.) The 
reaction product was subjected to endonuclease digestion 
with PvuII and Sad, purified on an agarose gel, and 
cloned into the PvuII-SacI sites of pSVL--hCG-jbeta ' to 

25 give PSVL-MB135. [pSVL-hCG-Jbeta' was made by ligating 
the small XhoI-BamHI fragment from pKBM-hCG-jbeta ' into 
the XhoI-BamHI sites of pSVL (27) . The construct was 
sequenced using standard dideoxy double strand sequencing 
methods. pSVL-MB135 was then co-transf ected with pSVL- 

30 hCG-alpha (27) into COS-7 cells. We concentrated the 
media by placing them in a dialysis bag and then 
surrounding the dialysis bag with Aquacide II 
(Calbiochem) overnight at 4** C. The concentrated media 
were dialyzed against phosphate buffered isotonic saline 

35 (PBS) . The amount of dimer was measured using a sandwich 
immunoassay procedure as described (28) except that 
antibody A113 (alpha-subunit specific) and radio iodinated 
antibody BIOS (beta-subunit specific) were used as the 
capture and detection reagents , respectively. This 
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analog formed dimer and bound to LH receptors and 
stimulated cyclic AMP formation. It had low ability to 
bind to FSH receptors. 

5 ANALOG MB140: This analog was made from pSVL- 

MB135 and was engineered to have hFSH Jbeta-subunit 
residues between 101-109. In addition, coding secjuences 
for Aspartic acid and Leucine were added and that for 
Arginine 94 was eliminated. The latter change added a 

10 BspMI site. The large fragment of BssHI/BspMI digestion 
will be referred to as pSVL-MB140*. This fragment lacked 
coding sequences corresponding to residues 92, 93, 94, 
95, and 96 of the hCG jbeta-subunit. Thus, we could add 
any coding sequence to this region by ligating pSVL- 

15 MB140* with any synthetic DNA cassette. The residues 
which were most studied corresponded to those for 
residues 94, 95, and 96 of hCG Jbeta-subunit. 



Oligos 438 and 439 used to make analog HB140 
20 were made and had the sequences: 

439: 5'-(rrGTCMTGCGCGCTCTGCGACCTGCGAA6TACTACCGACTGCACTGTCCGCG6TCTTGGGCC-3' and 
438: 3'-CGTGACAGGCGCCAGAACCCGGGAGAATAACACTACTAGGGGCGATTCTCGAGCCTAGGCACACC-5'. 

25 These were annealed, extended with Taq 

polymerase, digested with BssHII and Sad, and then 
cloned into the BssHII and Sad sites of pSVL-MB135 by 
standard methods to give pSVL-MBl40. The resulting 
vector had the following coding sequence for amino acids 

30 84-114: 
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88 9S 101 111 

VALSCOCALCDLRSTTOCTVRGLGPSYCDDPR 

ATAAGA6CTCGGATCC6TGAGG 

CAIXGAGAGTCGACAGTTACGCGCGAGACGCTGGACGmM^ 

GATTCTCGAG CCTAGGCACACC 

CA6-CTG G^CGC ACCTGCCBspHI) GACNHNirNNGTC(DrdI> 6GGCCC(ApaI> 

10 6AGCT*C6G^ATCC 

PvuII BssHII AGTACT(Scal) CCGC^<SstII) 

(SacI-BamHI) 

Note, as before, the sequence derived from the 
15 primers is underlined and several restriction sites are 
identified. pSVL-MB140 was expressed in COS-7 cells 
along with pSVL-hCG-alpha. This analog had limited 
ability to form dimer with the alpha-subunit and was 
nearly inactive in most biological assays. The analog 
20 was readily detected in a Jbeta-subunit specific sandwich 
assay employing antibodies B201 and radiolabeled BIOS as 
capture and detection antibodies, respectively (Table 5). 
This indicated that it probably folded similarly to the 
Jbeta-subunit . 

25 

ANALOG MB144: (This changes the sequence DLRST 
of ANALOG MB140 to DRST) . 

Synthetic oligos 440 and 441 having the 

30 sequences: 

440 5 ^ -CGCGTTGTGTGACAGATC-3 ' and 

441 3 ' -AACACACTGTCTAGATGA-5 ' 



35 



were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB144: 



wo 92/22568 



- 39 - 



PCr/US92/05207 



88 93 100 

CALCDRSTTDC 
TGCGCGTTGTGTGACAGATCTACTACCGACTGC 
5 ACGCGCAACACACTGTCTAGATGATGGCTGACG 

AGATCT 
Bglll 

A Bglll site was created and the Seal and 
10 BssHII sites were destroyed. The change in sites was 
used for screening of the DNA construct during cloning. 
After its structure had been confirmed by DNA sec[uencing, 
pSYL-MB144 was co-transf ected into COS-7 cells with pSVL- 
hCG-alpha. Media were concentrated and found to contain 
15 alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accumulation (Figures 5 and 7) . The ratio of 
LH to FSH activity is described in Figure 4c. 

20 ANALOG MB145: (This changes the sequence DLRST 

of ANALOG MB140 to NRST) . 

Synthetic oligos 442 and 443 having the 

sequences : 



25 



30 



442 5'-CGCGTTGTGTAACAGATC-3' and 

443 3 ' -AACACATTGTCTAGATGA-5 ' 



were ligated into pSVL-MB140* to give pSVL-MB145: 



93 100 
CALCNRSTTDC 
TGCGCGTTGTGTAACAGATCTACTACCGACTGC 
ACGCGCAACACATTGTCTAGATGATGGCTGACG 
35 AGATCT 

Bglll 

A Bglll site was created and the Seal and 
BssHII sites of pSVL-MB140* were destroyed. The change 
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in sites was used for screening of the DNA construct 
during cloning. After its structure had been confirmed 
by DNA sequencing, pSVL-MB145 was co-trans fected into 
COS-7 cells with pSVL-hCG-alpha. Media were concentrated 
5 and found to contain alpha, jbeta-heterodimer using the 
sandwich assay. This analog bound to LH and FSH 
receptors and stimulated cyclic AMP accumulation 
(Figures 5 and 7). The LII:FSH activity ratio is 
described in Figure 4c. 

10 

ANALOG MB146: (This changes the sequence DLRST 
of ANALOG MB140 to RSST) . 

Synthetic oligos 444 and 445 having the 

15 sequences : 

444 5'-CGCGTTGTGTAGATCTTC-3'^ and 

445 3 ' -AACACATCTAGAAGATGA-5 ' 

20 were ligated into pSVL-MB140* by standard methods to give 
pSVL-MB146: 

88 93 100 

CALCRSSTTDC 
2 5 TGCGCGTTGTGTAGATCTTCTACTACCGACTGC 

ACGCGCAACACATCTAGAAGATGATGGCTGACG 
AGATCT 
Bglll 



30 A Bglll site was created and the Seal and 

BssHII sites were destroyed. The change in sites was 
used for screening of the DNA construct during cloning. 
After its structure had been confirmed by DNA sequencing, 
PSVL-MB146 was co-trans fected into COS-? cells with pSVL- 

35 hCG--alpha. Media were concentrated and found to contain 
alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accumulation (Figxires 5 and 7) . The ratio of 
LH to FSH activity is described in Figiire 4c. 
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ANALOG MB147: (This changes the sequence DLRST 
of ANALOG MB140 to RSDT) . 

5 Synthetic oligos 447 and 448 having the 

sequences : 

447 5'-CGCGTTGTGTAGATCTGA-3' and 

448 3 ' -AACACATCTAGACTATGA-5 ' 

10 

were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB147: 

93 100 
15 CALCRSDTTDC 

TGCGCGTTGTGTAGATCTGATACTACCGACTGC 
ACGCGCAACACATCTAGACTATGATGGCTGACG 
AGATCT 
Bglll 

20 

A Bglll site was created and the Seal and 
BssHII sites were destroyed* The change in sites was 
used for screening of the DNA* construct during cloning. 
After its structure had been confirmed by DNA sequencing, 

25 PSVL-MB147 was co-transf ected into COS-7 cells with pSVL- 
hCG-alpha. Media were concentrated and found to contain 
alpha, beta-heterodimer using the sandwich assay* This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accumulation (Figures 5 and 7) . The ratio of 

30 LH to FSH activity is described in Figure 4c. 

ANALOG MB148: (This changes the secpience DLRST 
of ANALOG MB140 to RSNT) . 



35 Synthetic oligos 449 and 450 having the 

sequences: 

449 5'-CGCGTTGTGTAGATCTAA-3' and 

450 3 ' -AACACATCTAGATTATGA-5 ' 
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were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB148: 

5 93 100 

CALCRSNTTDC 
TGCGCGTTGTGTAGATCTAATACTACCGACTGC 
ACGCGCAACACATCTAGATTATGATGGCTGACG 
AGATCT 

10 Bglll 

A Bglll site was created and the Seal and 
BssHII sites were destroyed. The change in sites was 
used for screening of the DNA constiruct during cloning. 

15 After its structure had been confirmed by DNA sequencing, 
pSVL-MB148 was co-transf ected into COS-7 cells with pSVL- 
iiCG-alpba. Media were concentrated and found to contain 
alpha, jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 

20 cyclic AMP accumulation (Figures 5 and 7) • The ratio of 
LH to FSH activity is described in Figxire 4c. 



ANALOG MB149: (This changes the sequence DLRST 
of ANALOG MB140 to QRST) . 

25 

Synthetic oligos 451 and 452 having the 

sequences : 

451 5 ' -CGCGTTGTGTCAGAGATC-3 ' and 

30 452 3 -AACACAGTCTCTAGATGA-5 ' 



were ligated into pSVL-MB140* by standard methods to give 
pSVL-MB149: 
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93 100 
CALCQRS TTDC 
TGCGCGTTGTGTCAGAGATCTACTACCGACTiSC 
5 ACGCGCAACACAGTCTCTAGATGATGGCTGACG 

AGATCT 
Bglll 

A Bglll site was created and the Seal and 
10 BssHII sites were destroyed. The change in sites was 
used for screening of the DNA construct during cloning. 
After its structxire had been confirmed by DNA sequencing, 
pSVL-MB149 was co-transf ected into COS-7 cells with pSVL- 
hCG'-alpha. Media were concentrated and found to contain 
15 cilpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accumulation (Figxires 5 and 7) . The ratio of 
LH to FSH activity is described in Figure 4c. 

20 ANALOG MB150: (This changes the sequence DLRST 

of ANALOG MB140 to RQST) . 

Synthetic oligos 514 and 515 having the 

sequences : 

25 

514 5'-CGCGCTGTGTCGACAGAG-3' and 

515 3 ' -GACACAGCTGTCTCATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
30 PSVL-MB150: 

93 100 
CALCRQSTTDC 
TGCGCGCTGTGTCGACAGAGTACTACCGACTGC 
3 5 ACGCGCGACACAGCTGTCTCATGATGGCTGACG 

G'^CGCGC C^TCGAC A^GTACT 
BssHIII Sail Seal 
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Note, the Seal and BssHII sites were not 
destroyed and a Sail site was added for screening. After 
its structure had been confirmed by DNA sequencing, pSVL- 
MB150 was co-trans fected into COS-7 cells with pSVL-hCG- 
5 alpha. Media were concentrated and found to contain 
alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accximulation (Figures 5 and 7). The LH:FSH 
activity ratio is described in Figure 4c. 

10 

ANALOG MB151: (This changes the sequence DLRST 
of ANALOG MB140 to DSRT) . 

Synthetic oligos 455 and 456 having the 

15 sequences : 

455 5'-CGCGTTGTGTGATTCTCG-3'^ cind 

456 3 ' -AACACACTAAGAGCATGA-5 ' 

20 were ligated into pSVL-MB140* by standard methods to give 
pSVL-MB151: 



93 100 
CALCDSRTTDC 
TGCGCGTTGTGTGATTCTCGTACTACCGACTGC 
ACGCGCAACACACTAAGAGCATGATGGCTGACG 



The Seal and BssHII sites were destroyed and 
this information was used for screening. After its 

30 st3ructure had been confirmed by DNA sequencing, pSVL- 
MB151 was co-transfected into COS-7 cells with pSVL-hCG- 
alpha. Media were concentrated and foxind to contain 
alpbar jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 

35 cyclic AMP accumulation (Figures 5 and 7) . The ratio of 
LH to FSH activity is described in Figure 4c. 



ANALOG MB152: (This changes the sequence DLRST 
of l^ALOG MB140 to DSAT) . 
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Synthetic oligos 457 and 458 having the 

sequences : 

5 457 5'-CGCGTTGTGTGATTCTGC-3' and 

458 3 ' -AACACACTAAGACGATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB152 : 

10 

93 100 
CALCDSATTDC 
TGCGCGTTGTGTGATTCTGCTACTACCGACTGC 
ACGCGCAACACACTAAGACGATGATGGCTGACG 

15 

The Seal and BssHII sites were destroyed and 
this information was used for screening. After its 
structure had been confirmed by DNA sequencing, pSVL- 
MB152 was co-transfected into COS-7 cells with pSVL-hCG- 
20 alpha. Media were concentrated and found to contain 
alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accumulation (Figures 5 and 7) . The ratio of 
LH to FSH activity is described in Figure 4c. 

25 

ANALOG MB153: (This changes the sequence DLRST 
of ANALOG MB140 to DRDT) . 

Synthetic oligos 459 and 460 having the 

30 sequences: 

459 5 ' -CGCGTTGTGTGATAGAGA-3 ' and 

460 3 ' -AACACACTATCTCTATGA-5 ' 



35 



were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB153: 
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93 100 
CALCDRD TTDC 
TGCGCGTTGTGTGATAGAGATACTACCGACTGC 
5 ACGCGCAACACACTATCTCTATGATGGCTGACG 

The Seal and BssHII sites were destroyed and 
this information was used for screening. After its 
structtire had been conf inaed by DNA sequencing , pSVL- 

10 MB153 was co-transfected into COS-7 cells with pSVL-hCG- 
alpba. Media were concentrated and found to contain 
alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 
cyclic AMP accumulation (Figures 5 and 7) . The ratio of 

15 LH to FSH activity is described in Figxire 4c. 

ANALOG MB154: (This changes the sequence DLRST 
of ANALOG MB140 to ASDT) . 



20 



25 



synthetic oligos 461 and 462 having the 

sequences : 

461 5'-CGCGTTGTGTGCTAGCGA-3' and 

462 3 ' -AACACACGATCGCTATGA-5 ' 

were ligated into pSVL-MBl40* by standard methods to give 
pSVL-MB154: 

93 100 
30 CALCASDTTDC 

TGCGCGTTGTGTGCTAGCGATACTACCGACTGC 
ACGCGCAACACACGATCGCTATGATGGCTGACG 
G'^CTAGC 
Nhel 



35 



The Seal and BssHII sites were destroyed and a 
Nhel site was created. This information was used for 
screening. After its structure had been confirmed by DNA 
sequencing^ pSVL-MB154 was co-transfected into COS-7 
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cells with pSVL-hCG-alpha. Media were concentrated and 
found to contain alpha, jbeta-heterodimer using the 
sandwich assay. This analog bound to LH and FSH 
receptors and stimulated cyclic AMP accumulation 
5 (Figures 5 and 7) . The ratio of LH to FSH activity is 
described in Figure 4c. 



ANALOG MB155: (This changes the sequence DLRST 
of ANALOG MB140 to QIST) . 

10 

Synthetic oligos 463 and 464 having the 

sequences: 



463 5'"CGCGTTGTGTCAGATCTC"3' and 

15 464 3 ' -AACACAGTCTAGAGATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB155: 



20 93 100 

CALCQISTTDC 
TGCGCGTTGTGTCAGATCTCTACTACCGACTGC 
ACGCGCAACACAGTCTAGAGATGATGGCTGACG 
A'^GATCT 

25 Bglll 



A Bglll site was created and the Seal and 
BssHII sites were destroyed. The change in sites was 
used for screening of the DNA construct during cloning. 

30 After its structure had been confirmed by DNA sequencing, 
pSVL-MBlSS was co-transf ected into COS-7 cells with pSVL- 
hCG-alpha. Media were concentrated and found to contain 
alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 

35 cyclic AMP acciimulation (Figures 5 and 7) . The ratio of 
LH to FSH activity is described in Figure 4c. 

ANALOG MB192: (This changes the sequence DLRST 
of ANALOG MB140 to RDST) . 
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10 



Synthetic oligos 516 and 517 having the 

sequences: 

53^g 5'^-CGCGCTGTGTCGCGATAG-3' and 

517 3 ' -GACACAGCGCTATCATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB192 : 



93 100 
CALCRDSTTDC 
TGCGCGCTGTGTCGCGATAGTACTACCGACTGC 
ACGCGCGACACAGCGCTATCATGATGGCTGACG 
3^5 C^CGCGC TCGCGA A'^GTACT 

BssHIII Nrul Seal 

An Nrul site was created and used for screening 
of the DNA construct during cloning. After its structure 

20 had been confirmed by DNA sequencing, pSVL-MB192 was co- 
transfected into COS-7 cells with pSVL-hCG-alplaa. Media 
were concentrated and found to contain alpha, beta- 
heterodimer using the sandwich assay. This analog bound 
to LH and FSH receptors and stimulated cyclic AMP 

25 accumulation (Figures 5 and 7) . The ratio of LH to FSH 
activity is described in Figxire 4c. 

ANALOG MB201: (This changes the sequence DLRST 
of ANALOG MB140 to RNST) . 

30 

Synthetic oligos 518 and 519 having the 

sequences : 

5X8 5'-CGCGCTGTGTCGGAATTC-3' and 

35 519 3'-GACACAGCCTTAAGATGA-5' 



were ligated into pSVL-MB140* by standard methods to give 
pSVL-MB201: 
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93 100 
CALCRNSTTDC 
TGCGCGCTGTGTCGGAATTCTACTACCGACTGC 
ACGCGCGACACAGCCTTAAGATGATGGCTGACG 
5 G'^CGCGC G'^AATTC 

BssHIII ECORI 

An EcoRI site was created and used for 
screening of the DNA construct during cloning. After its 

10 structure had been confirmed by DNA siequencing, pSVL- 
MB201 was co"transfected into COS-7 cells with pSVL-hCG- 
alpha. Media were concentrated and found to contain 
alpha, Jbeta-heterodimer using the sandwich assay. This 
analog bound to LH and FSH receptors and stimulated 

15 cyclic AMP accumulation (Figures 5 and 7) . The ratio of 
LH to FSH activity is described in Figure 4c. 

ANALOG MB194: (This changes the sequence DLRST 
of ANALOG MB140 to RSRT) . 

20 

Synthetic oligos 520 and 521 having the 

sequences : 

520 5'-CGCGCTGTGTAGATCTCG-3' and 

25 521 3 ' -GACACATCTAGAGCATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB194: 

30 93 100 

CALCRSRTTDC 
TGCGCGCTGTGTAGATCTCGTACTACCGACTGC 
ACGCGCGACACATCTAGAGCATGATGGCTGACG 
G^CGCGC A'^GATCT 
35 BssHIII Bglll 



A Bglll site was created and used for screening 
of the DNA construct during cloning. Aft r its structure 
had been confirmed by DNA sequencing, pSVL-MB194 was co- 
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transfected into COS-7 cells with pSVL-hCG-alpha . Media 
were concentrated and foxind to contain alpha, beta-^ 
heterodimer using the sandwich assay. This analog bound 
to LH and FSH receptors and stimulated cyclic AMP 
5 accumulation (Figures 5 and 7) . The ratio of LH to FSH 
activity is described in Figure 4c, 

ANALOG MB202: (This changes the secpience DLRST 
of ANALOG MB140 to DSDT) . 

10 

Synthetic oligos 522 and 523 having the 

sequences : 

522 5 ' -CGCGCTGTGTGATTCTGA-3 ' and 

15 52 3 3 ' -GACACACTAAGACTATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
pSVL-MB202: 



20 93 100 

CALCDSDTTDC 
TGCGCGCTGTGTGATTCTGATACTACCGACTGC 
ACGCGCGACACACTAAGACTATGATGGCTGACG 
G'^CGCGC CANTO 
25 BssHIII Hinfl 



A Hinfl site was created and used for screening 
of the DNA construct during cloning. After its structure 
had been confirmed by DNA sequencing, pSVL-MB202 was co- 

30 transfected into COS-7 cells with pSVL-hCG-alpha. Media 
were concentrated and found to contain alpha, beta-- 
heterodimer using the sandwich assay. This analog bound 
to LH and FSH receptors and stimulated cyclic AMP 
accumulation (Figures 5 and 7) . The ratio of LH to FSH 

35 activity is described in Figure 4c. 

ANALOG MB278: (This changes the sequence DLRST 
of ANALOG MB140 to RRRT) . 
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Synthetic oligos 628 and 629 having the 

sequences: 

628 5'-CGCGCTCTGTCGACGGCG-3' and 

5 629 3 ' -GAGACAGCTGCCGCATGA-5 ' 

were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB278: 

10 93 100 

CALCRRRTTDC 
TGCGCGCTCTGTCGACGGCGTACTACCGACTGC 
ACGCGCGAGACAGCTGCCGCATGATGGCTGACG 
G'^CGCGC G^TCGAC 
15 BssHII Sail 

A Sail site was created and used for screening 
of the DNA construct during cloning. After its structure 
had been confirmed by DNA sequencing, pSVL-MB278 was co- 
20 transfected into COS-7 cells with pSVL-hCG-alpha. Media 
were concentrated and found to contain alpha, beta- 
heterodimer using the sandwich assay. This analog bound 
to liH and FSH receptors (Figures 4a and 4b) . The ratio 
of LH to FSH activity is described in Figure 4c. 

25 

ANALOG MB279: (This changes the sequence DLRST 
of ANALOG MB140 to DDDT) . 

Synthetic oligos 630 and 631 having the 

30 sequences: 

630 5'-CGCGTTATGCGATGACGA-3' and 

631 3 ' -AATACGCTACTGCTATGA-5 ' 



35 



were ligated into pSVL-MB140* by standard methods to give 
PSVL-MB279: 



wo 92/22568 



- 52 



PCrAJS92/0S207 



93 100 
CALCDDDTTDC 
TGCGCGTTATGCGATGACGATACTACCGACTGC 
5 ACGCGCAATACGCTACTGCTATGATGGCTGACG 

The BssHII site was destroyed and this 
observation was used for screening the DNA construct 
during cloning. After its structure had been confirmed 

10 by DNA sequencing, pSVL-MB279 was co-trcinsf ected into 
COS-7 cells with pSVL-hCG-alpha. Media were concentrated 
and found to contain alpha, Jbeta-heterodimer using the 
sandwich assay. This analog bound to FSH receptors but 
had low affinity for LH receptors (Figures 4a and 4b) . 

15 The ratio of LH to FSH activity is described in Figiare 
4c. 

ANALOG PRM3: (This is a full-length hCG Jbeta- 
subunit with hFSH Jbeta-subunit residues 88-100 
20 substituted for hCG beta-subunit residues 94-106.) This 
analog was made using oligonucleotides 363, 364, 365, 
368, 508, and 510. The sequences of these 

oligonucleotides are illustrated below: 

25 363: 5 ' -AGCTGTCCTGGAGCTAGGAATCT-3 ' 
364: 5 ' -CTAGCCTAGAAGCTCTGACTGTC-3 ' 

365:5^ -AGCTGTCCTGGAGCTAGGAATCTCTGTACGGAAGTGTTACTTCTGCTCT- 
3^ 

368:5' -CTAGCCTAGAAGCTCTGACTGTCCTAGTTGTGGTTTGTCCAAACTCATC- 
30 3' 

508: 5 ' -ACTGTCCGCGGCTTGGGTCCCTTGACCTGTGATGACCCCCGCTTC-3 ' 
510 : 5 ' -GGGACCCAAGCCGCGGACAGTACAGTCAGTACTGTCGCTGTCGCAGAG- 
3' 

35 Oligos 365 and 510 were used in a PGR reaction 

using conditions similar to those described (29) with 
CF94-117 (27) as a primer. Oligos 508 and 368 were used 
in a second PGR reaction using pSVL-hCG-be ta' as a 
primer. The products of the first and second reactions 
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were mixed and a third PGR reaction performed using 
oligos 363 and 364. The resulting DNA was then digested 
with Xbal and BamHI endonucleases, purified on agarose, 
and ligated into the Xbal/BamHI sites of pSVL. The 
5 sequence of the DNA between the Xbal and BamHI sites was 
confirmed by double stranded dideoxy sequencing. Note 
also that this introduced an Sstll site which was used in 
further cloning. 

10 93 100 110 

LCDSDSTDCTVRGLGPLTCDDPRF 
CTCTGCGACAGCGACAGTAaGACTGTACTGTCCGCGGCTTGGCTCCCTTGACCTGTGATGACCCCCGCTTC 
GAGACGCTGTCCaGTCATGACTGACATGACAGGCGCCGAACCCAGGGAACTGGACACTACTGGGGGCGM 
AGT'^ACT CCGC^GG 
15 Seal Sstn 



The portions of the molecule between residues 
1-93 and 107-145 were identical in sequence to those of 
the hCG Jbeta-subunit. This analog was co-transfected 

20 into COS-7 cells along with pSVL-hCG-alpha and the media 
were collected on the third day after transfection (27) . 
The media were concentrated and analyzed by a sandwich 
immunoassay using antibodies A113 and radiolabeled B105. 
This analog combined with the al pha-subunit. It had 

25 relatively low ability to bind to either LH or FSH 
receptors (Table 6) . 

ANALOG PRM8: This is an analog identical to 
MB202 except that Thr97 of MB202 was replaced by Ser. 

30 PRM8 was made by replacing the Xhol/Sstll fragment of 
MB202 with that of PRM3. It was made to learn if the 
higher than expected amount of LH activity found in MB202 
relative to CF94-117 (Table 6) was due to the Thr at 
residue 97. This residue is Ser in hFSH Jbeta-subunit. 

35 This analog was co-transfected into COS-7 cells along 
with pSVL-hCG-alpha and the media were collected for 
assay on the third day after transfection (27) . The 
media were concentrated and analyzed by a sandwich 
immunoassay using antibodies A113 and radiolabeled B105. 
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This analog combined with the alpha-subunit. It had good 
ability to bind to FSH receptors . It bound to LH 
receptors better than CF94-117 indicating that Thr97 was 
not responsible for discriminating LH and FSH receptors. 

5 

ANALOGS PRMl and PRM2: (These are full-length 
hCG Jbeta-subunits . PRMl contains hPSH Jbeta-subunit 
residues 88-108 substituted for hCG jbeta-subunit residues 
94-114. PRM2 is identical to PRMl except that Tyrl09 is 
10 replaced with a Phe. PRM2 was made to test the role of 
the tyrosine at residue 109.) These analogs were 
prepared using oligonucleotides 596 and 368. The 
sequence of 368 is listed above and that for 596 is shown 
below: 

15 

596: 5' -TGCACTGTCC6CGGTCnGGCCCMGCTCA/T)TTGCAGCmGGCGAATTCCAGMCTCCTCTTCCTC^ 



The products of the PGR reaction were digested 
with Sstll and BamHI and used to replace the small 

20 Sstll/BamHI fragment of pSVL-PRM3. Due to the use of two 
bases (i.e., A or T) at one position in this 
oligonucleotide, we anticipated that there would be two 
analogs which could be formed. These two analogs 
differed by the presence of a Hindlll ' restriction 

25 endonuclease digestion site (c.f., diagram below) emd 
this difference enabled us to distinguish the analogs 
during cloning. Both analogs contained an EcoRI site. 
The sequences of both analogs were confirmed by double 
stranded dideoxy methods. 

30 

ANALOG PRMl: 



100 no 120 

CTVRGLGPSYCSFGEFODSSSSKA 
TGCACTGTCCGCGGTCTTGGCCCAAGCTAnGCAGCnCGGCGAAnCCAGGACTCCTCnCCTDWAGGCC 
AOTGACAGGCGCCAGAACCGGGTTCGATMCGTCGAAGCCGCTTAAGGTCCTGAGGAGAAGGAGnTCCGG 
CCGC^GG G^'AATTC 
Sstll EcoRI 
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100 110 120 

CTVRCLGPSFCSFGEFQDSSSSKA 
TGCACTCTCCGCGGTCnCGCCCAAGCmTGCAGCnCCGCGAATTCCAGGACTCCTCTTCCTCAAAGGCC 
ACGTGACAG6C6CCAGAACCGGGTTC6AAAACGTC6AA6CCGCTTAAGGTCCT6AG6A6AAGGAGTTTCCGG 
CCGtTGG A^AGCTT G^AATTC 

Sstn Hindi! I EcoRI 



10 pSVL-PRMl was co-transfected into COS-7 cells 

along with pSVL-hCG-alpha and the media were collected on 
the third day after transfection (27) . The media were 
concentrated and analyzed by a sandwich immunoassay using 
antibodies A113 and radiolabeled B105. This analog 

15 combined with the alpha-subunit. It had high ability to 
bind to FSH receptors and relatively low ability to bind 
to LH receptors (Table 6) . 

PSVL-PRM2 was co-transfected into COS-7 cells 
20 along with pSVL-hCG-alpha and the media were collected on 
the third day after transfection (27) . The media were 
concentrated and analyzed by a sandwich iiamunoassay using 
antibodies A113 and radiolabeled BIOS. This analog 
combined with the alpha-subunit. It had high ability to 
25 bind to FSH receptors and relatively low ability to bind 
to LH receptors (Table 6) . 

ANALOG PRMIO: This is a full-length hCG Jbeta- 
subunit analog in which residues 101-106 are replaced 

30 with residues 95-100 of hFSH jbeta-subunit- This analog 
was made by PGR using oligonucleotides 562 and 365 as PGR 
primers and MB135 as template. The resulting PGR product 
was cloned into the Xhol/Sstll sites of PRM3. The 
structure of PRMIO was confirmed by double stranded 

35 dideoxy sequencing. 

562: 5 ' -GCCAAGACCGCGGACAGTGCAGTCAGTGGTAGATCTGGG-3 ' 



The sequence of PRMIO in the region 92-107 is: 
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93 100 107 

LCRRSTTDCTV TGLGP 
CTCTGCCGCAGATCTACCACTGACTGCACTGTCCGCGGTCTTGGGCCC 
5 GAGACGGCGTCTAGATGGTGACTGACGTGACAGGCGCCAGAACCCGGG 

A'GATCT CCGC^GG GGGCC'C 

Bglll Sstll Apal 

ANALOG MB197: This is an analog of CFlOl-109 
10 with the deletion of Arg95. It was made by ligating the 
large fragment obtained by digestion of pSVL-MB144 with 
Xbal/Bglll with the small fragment obtained by digestion 
of pSVL-MB194 using the same enzymes. The resulting 
analog was only 113 residues in lencfth and its sequence 
15 between residues 88 and 99 is illustrated here. 



88 93 99 

CALCRSTTDC 
TGCGCGCTGTGTAGATCTACTACCGACTGC 
2 0 ACGCGCGACACATCTAGATGATGGCTGACG 

G^CGCGC AGATCT 
BssHII Bglll 

pSVL-MB197 was expressed in COS-7 cells along 
25 with pSVL-hCG-alpha. This analog had low ability to form 
dimer with the alpha-subunit. The analog was readily 
detected in a beta-subunit specific sandwich assay 
employing antibodies B201 and radiolabeled B105 as 
capture and detection antibodies, respectively (Table 5) . 
30 This indicated that it acquired the overall folding 
pattern of the beta-sxibunit. 

ANALOG MB198: This is an analog of CFlOl-109 
with the insertion of a Gin at residue 94. It was made 
35 by ligating the large fragment obtained by digestion of 
MB194 with Xbal- and Bglll to the small fragment obtained 
by similar digestion of MB149 to create pSVL-MB194: 
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93 101 
CALCQRSRTTDC 
TGCGCGTTGTGTCAGAGATCTCGTACTACCGACTGC 
ACGCGCAACACAGTCTCTAGAGCATGATGGCTGACG 
5 AGATCT 

Bglll 

The Seal and BssHII sites were destroyed and a 
Bglll site was created. This information was used for 

10 screening. After its structure had been confirmed by DNA 
sequencing, pSVL-MB198 was co-transfected into COS-7 
cells with pSVL-hCG-alpha. The analog was readily 
detected in a /?eta-subunit specific sandwich assay 
employing antibodies B201 and radiolabeled B105 as 

15 capture and detection antibodies, respectively (Table 5) . 
This indicated that the beta-subunit folded. 

ANALOG MB284: This is an analog of CFlOl-109 
in which two residues have been deleted from the 93-100 
20 region of the molecule. The analog was made by inserting 
the following oligonucleotide cassette into the large 
fragment remaining following digestion of pSVL-MBl40 
using BssHII and Sstll. 

25 632 5'-CGCGCTCTGTCGACGGACCGACTGCACTGTCCGC-3' and 

633 3 ' -GAGACAGCTGCCTGGCTGACGTGACAGG 

This gave pSVL-MB284: 

30 90 93 98 108 112 

CALCRRTDCTVRGLGPSYCODPR* 
TGCGCGCTCTGTCGACGGACCGACTGDICTGTCCGCGGTCTTGGGCCCTCTTATTGTGATGATCCTAGATAA 
ACGCGCGAGACAGCTGCCTGGCTGACGTGACAGGCGCCAGAACCCGGGAGAATAACACTACTAGGATCTATT 
CCGCGC GnCGAC CCGC*CG GGGCC*C 

35 BssHII Sail sstll Apal 



A Sail endonuclease restriction site was 
created and the Seal site was destroyed. This 
information was used for screening. After its structure 
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had been confirmed by DNA sequencing, pSVL-MB284 was co- 
transfected into COS-7 cells with pSVL-hCG«aipha. Media 
were found to contain small amounts of alpha, beta^ 
heterodimer using the A113/B105 sandwich assay. The 
5 analog was readily detected in a Jbeta-^subunit specific 
sandwich assay employing antibodies B201 and radiolabeled 
B105 as captxare and detection antibodies, respectively 
(Table 5) . This indicated that the beta-subunit folded. 

10 ANALOG PRM26: The small fragment obtained by 

Xhol and Sstll digestion of PRMIO was ligated to the 
Icirge fragment obtained by Xhol and Sstll digestion of 
PRMl to give pSVL-PRM26. The resulting construct encoded 
residues 1-100 derived from the N-terminus of the hCG 

15 Jbeta-subunit, residues 101-114 derived from the hFSH 
jbeta-s\ibunit (i.e., corresponding to hFSH beta-subunit 
residues 95-108) , and residues 115-145 derived from the 
C-terminus hCG Jbeta-subunit. pSVL-PRM26 was co- 

transfected into COS-7 cells along with pSVL-hCG-alpha 

20 and the media were collected on the third day after 
transfection (27) . The media were concentrated and 
analyzed by a sandwich immunoassay using antibodies A113 
and radiolabeled B105. This analog combined with the 
alpha-subunit and the dimer had high LH activity 

25 (Table 6) . 

ANALOG MB261: (Changes residues CRNSTTDCTVR of 
ANALOG MB201 to CRRSTTDCGGR) . 



30 



35 



Synthetic oligos 599 and 600 having the 

sequences : 

599 5' -CGCGCTGTGTAGAAGATCTACTACCGACTGCGGCGGCCGC-3 ' and 

600 3 -GACACATCTTCTAGATGATGGCTGACGCCGCCGG-5 ' 

were ligated into the large fragment obtained by BssHII 
and Sstll digestion of pSVL-MB201 by standcird methods to 
give pSVL-MB261: 
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90 



93 



100 



C A L C R R S T T D C G G R 



TGCGCGCTGTGTAGAAGATCTACTACCGACTGCGGCGGCCGC 



ACGCGCGACACATCTTCTAGATGATGGCTGACGCCGCCGGCG 



G^CCCGC 



A'^GATCT 



BssHII 



Bglll 



A Bglll site was created and used for screening 



10 



15 



20 



25 



30 



of the DNA construct during cloning. After its structure 
had been confirmed by DNA sequencing, pSVL-MB261 was co- 
transfected into COS-7 cells with pSVL-hCG-alpha. Media 
were concentrated and found to contain alpha, beta- 
heterodimer using the A113/B105 sandwich assay. This 
analog bound LH receptors similar to hCG (Table 5) . 
Since lOOng did not inhibit the binding of '^I-hFSH to 
human FSH receptors, it appears to have reduced activity 
for FSH receptors. 

ANALOG MB272: (Changes residues CGGRGLGPSYC of 
ANALOG MB261 to CGGRKDGPSYC) . 

Synthetic oligos 624 and 625 having the 

sequences : 

624 5'-AAGGACGGGCC-3' and 

625 3 ' -CGTTCCTGC-5 ' 

were ligated into the large fragment obtained by Sstll 
and Apal digestion of pSVL-MB201 by standard methods to 
give pSVL-MB272: 

90 93 100 110 

CALCRRSTTDCGGRKDGPSYC 
T6CGCGCTGTGTAGAAGATCTACTACCGACTGCGGCGGCCGCAAGGACGGGCCCTCTTATTGT 
ACGCGCGACACATCTTCTAGATGATGGCTGACGCCGCCGGCGTTCCTGCCCGGGAGAATAACA 

G^CGCGC A'^GATCT C^GGCCC 

BssHII Bgtll Apal 



wo 92/22568 " " PCr/US92/05207 

The Sstll site found in pSVL-MB261 was 
destroyed and this was used for screening of the DNA 
construct during cloning. After "its structure had been 
confirmed by DNA sequencing, pSVL-MB261 was co- 
5 transfected into COS-7 cells with pSVL-hCG-alpha . Media 
were concentrated and found to contain alpha, beta- 
heterodimer using the A113/B105 sandwich assay. This 
analog bound LH receptors similar to hCG (Table 5) . 
Since lOOng did not inhibit the binding of ^^I-hFSH to 
10 human FSH receptors, it appears to have reduced activity 
for FSH receptors. 

ANALOG MB275: (Changes residues CGGRGLGPSYC of 
ANALOG MB201 to CGGRKDGPSYC) . 



15 



Oligos 624 and 625 were ligated into the large 
fragment obtained by Sstll and Apal digestion of pSVL- 
MB201 by standard methods to give pSVL-MB275: 



20 90 93 100 110 

CALCRMSTTDCTVRKDGPSYC 
TGCGOSCTGTGTCGCMnCTACTACCGACTGCACTCTCCGCAAGGACGGGCCCTC^ 
ACGCGC6ACACAGCCTTAAGATGATGGCTGACGT6ACAG6C6TTCCT6CCCGG6AGAATAACA 

G^CECGC G^AATTC G^GGCCC 

25 BssHII EcoRI Apal 



The Sstll site found in pSVL-MB201 was 
destroyed and this was used for screening of the DNA 
construct during cloning. After its structure had been 

30 confirmed by DNA sequencing, pSVL-MB261 was co- 
transfected into COS-7 cells with pSVL-hCG-alpha. Media 
were concentrated and found to contain alpha, beta- 
heterodimer using the A113/B105 sandwich assay. This 
analog bound LH receptors similar to hCG (Table 5) . 

35 Since lOOng did not inhibit the binding of ^^I-hFSH to 
human FSH receptors, it appears to have reduced activity 
for FSH receptors. 
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ANALOG MB283: (Changes residues CVTRGLGPSYC of 
CFlOl-109 to CVTRGLGPLT) . 

Synthetic oligos 626 and 627 having the 

5 sequences : 

627 : 5 ' -CTTAACTTGTGATGATCCTAGATAAG-3 ' and 

626: 3 ' -CCGGGAATTGAACACTACTAGGATCTATTCCTAG-5 ' 



10 were ligated with the large fragment of CFlOl-109 
remaining following Apal and BamHI digestion to give 
PSVL-MB283: 



100 110 
15 CTVRGLGPLTCDDPR* 

TGCACCGTGAGAGGCCTC6GCCCTTAACTTGTGATGATCCTAGATAAGGATCC 
ACGTGGCACTCTCCGCACCCGGGAATTGAACACTACTAGGATCTATTCCTAGG 
AGG'^CCT C'GATCC 
StuI BamHI 

20 

The SstI site found in CFlOl-109 was destroyed 
and the loss of the site was used for screening of the 
DNA construct during cloning. After its structure had 
been confirmed by DNA sequencing, pSVL-MB261 was co- 

25 transfected into COS-7 cells with pSVL-hCG-alpha. Media 
were concentrated and found to contain alpha, beta- 
heterodimer using the A113/B105 sandwich assay. This 
analog bound LH receptors similar to hCG (Table 5) . 
Since lOOng did not inhibit the binding of ^^I-hFSH to 

30 htman FSH receptors, it appears to have reduced activity 
for FSH receptors. 



ANALYSES 



35 Quantification of analogs: The analogs were 

measured in sandwich immunoassays (28) using antibody 
A113 as a captxire reagent and radiolabeled antibody B105 
as a detection reagent. hCG was used as the standard. 
A113 binds to the alpiaa-subunit and B105 binds to the 
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jbeta-sixbunit. In some cases, the analogs were also 
quantified using a sandwich assay employing antibodies 
B109 or B107 as capttire reagents and radiolabel d 
antibody B105 as a detection reagent. Antibodies BIOS, 
5 B107, and B109 bind to residues in the Jbeta-subunit not 
changed in the analogs described here (30) . For those 
analogs which had low activity in the A113/B105 sandwich 
assay, we measured the free beta-subunit to learn if it 
were being expressed. To do this we substituted antibody 
10 B201 for A113 and performed the remainder of the assay as 
described (28) . B201 binds to an epitope on the beta- 
subunit much better than to hCG. To be certain that 
failure to obtain alpha, beta--heterodimers was not 
related to lack of alpha-subunit, we also measured the 
15 free alpha-subunit using antibodies A501 and radiolabeled 
A202 in place of A113 and radiolabeled B105. A501 binds 
free alpha-subunit much better than hCG. 



FSH receptor binding: Binding of analogs to 
20 FSH receptors was measxired using a CHO cell line that had 
been transfected with a cDNA encoding the human FSH 
receptor. This cell line was obtained from AAT, 
Randolph, MA and was grown in suspension culture in 
alphaMEM containing 10% fetal bovine serum. On the day 
25 of the experiment cells were harvested, washed in 
phosphate buffered saline, and counted. Aliquots of 
200,000 to 1,000,000 cells were incubated with ^^^l-hFSB 
and FSH standards or analogs to be tested for 1 hoxir at 
37%C in Krebs-Hepes buffer (28). The cells were 
30 collected by sedimentation at lOOOxg for 10-15 min and 
the supernate containing the non-bound hormone was 
aspirated. The amount of radioactivity remaining in the 
cell pellets was deteinained in a gamma counter. 



35 uj receptor binding: Binding of analogs to I*H 

receptors was deteinmined using a CHO cell line that had 
been transfected with a cDNA encoding the rat LH receptor 
(29) or with a cell line that had been transfected with 
the human LH receptor (31) . The procedure used was 
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identical to that described for FSH receptor binding 
except that ^^^I-hCG and hCG were substituted for ^25j_ 
hFSH and hFSH. 

5 Cyclic AMP assays: CHO cells expressing rat LH 

receptors, human LH receptors, or human FSH receptors 
were incubated with analogs and hCG or hFSH for 10^15 
minutes and then placed in a boiling water bath for 1 
min. The cyclic AMP was measured using a cyclic AMP 
10 immunoassay (32) . 

ACTIVITIES OF ANALOGS 



Interaction of analogs CFlOl-109 and CF94-117 
15 with human LH and FSH receptors fFicmre 3^ : CFlOl-109 
and CF94-117 are analogs of both hCG and hFSH* CF94-117 
has been shown to bind FSH receptors (27) and here we 
illustrate that CFlOl-109 binds both LH and FSH 
receptors. Previous studies employed rat LH and FSH 
20 receptors and bovine FSH receptors (27) • We expected 
that analogs of the human hormones which bound rat 
receptors would also bind to human receptors and initiate 
signal transduction. To confirm this prediction, we 
tested the abilities of CF94-117 (27) and CFlOl-109 to 
25 bind to human LH and FSH receptors stably expressed in 
Chinese hamster ovary CHO cells. Both CF94-117 and 
CFlOl-109 inhibited binding of ^^Sj.j^pgj^ human FSH 

receptors (Figure 3) . In addition, CFlOl-109 inhibited 
the binding of ^^^l-hCG to human LH receptors at about 
30 the same potency as hCG. CFlOl-109 and CF94-117 induced 
cyclic AMP accximulation in CHO cells expressing human FSH 
receptors, albeit with slightly lower potency than hFSH. 
It is not possible to provide exact potency estimates 
since the amounts of analogs used in these studies were 
35 determined against an hCG standard in sandwich 
immunoassays. As illustrated in Table 4, some antibody 
combinations give quantitatively different results than 
others. CFlOl-109 induced roxinding of Y-l cells 

transfected with genes that stably express LH receptors 
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(i.e., Y-IL cells) or FSH receptors (i.e., Y-IF cells). 
Rounding of Y-l cells has long been correlated with 
responses to hormones such as ACTH for which the cells 
have ACTH receptors (33). Y-IF cells rounded in response 
5 to hFSH but not hCG whereas Y-IL cells rounded in 
response to hCG but not hFSH. This suggests that 
rounding is an index of response to any hormone which can 
induce cyclic AMP formation in cells derived from the 
original Y-1 line. Since both Y-IF and Y-IL cells 

10 respond to CFlOl-109, this analog must be functionally 
interacting with FSH and LH receptors in these cells. In 
addition, the Y-1 cells transfected with FSH receptors 
made progesterone in response to CFIO 1-109 and hFSH but 
not to hCG (Figure 4) - This further suggests that CFIOI- 

15 109 can elicit a physiological response such as steroid 
production. 

Abilities of analogs of CFlOl-109 to combine 
with a lph a-subunit . To deteraine if analogs of CFlOl-109 

20 would combine with the alpha-subunit to form a 
heterodimer, we subjected culture media from transfected 
cells to sandwich assays that detected alpha, beta 
heterodimers . All results were quantified using an hCG 
standard. Most assays employed A113 (i.e., an antibody 

25 specific for the al pha-subunit ) and B105 (i.e., an 
antibody specific for the Jbeta-subunit) . Although B105 
does not bind to hFSH, it has been shown to bind to CF94- 
117 (27) . This is an analog in which all residues 
between 94 and 117 are derived from hFSH Jbeta-subunit. 

30 Therefore, B105 binds a part of the Jbeta-subunit outside 
the region that was modified in the studies described 
here. In some studies, we also employed antibodies B107 
or B109 and B105. B107 and B109 have also been shown to 
bind to portions of the -subunit outside the region 

35 modified in these studies (30) . Although the antibodies 
used in these assays were chosen on the basis of the fact 
that they recognized different regions of the hormone 
than was modified in these studies, slight changes in the 
conformations of the alpha- and/ or Jbeta-subunits caused 
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by the mutations may have influenced binding of the 
analogs to the antibodies (B107 and BllO which are known 
to be sensitive to conformation of the jbeta-subunit which 
occurs during formation of the alpha, Jbeta-heterodimer 
5 (30)). We observed differences in the absolute amovmts 
of analogs depending on the sandwich immunoassays which 
were employed. As a rule, sandwich assays using B109 and 
B105 gave lower estimates than those assays which 
employed other antibody combinations (Table 4) . None the 

10 less, differences in the amounts of material present in 
the media were not correlated with the activities of the 
analogs in either LH receptor or FSH receptor assays. It 
should also be noted that the same batches of analogs 
were used in FSH and LH receptor assays. Thus, estimates 

15 in the amounts of analog present in culture medium do not 
enter into the calculation of the ratio of LH to FSH 
activity. Except as noted in Table 4, the data 
illustrated in all tables and figures were obtained using 
the A113/B105* sandwich assay. 

20 

The results of sandwich immunoassays indicated 
that all the analogs we made except for MB140, MB197, 
MB198, and MB284 formed alpha, beta dimers when co- 
expressed with the human alpha-subunit. Cells expressing 

25 the human alpha-subunit and MB140, MB197, MB198, or MB284 
Jbeta-subunits did not produce much alpha, beta- 
heterodimer. These were the only analogs in this series 
which had a different number of residues in the region 
between Cys93 and CyslOO than is found in all natxirally 

30 occurring hormone Jbeta-subunits (34). Every analog we 
prepared which contained 6 amino acid residues between 
Cys93 and CyslOO combined with the alpha-subunit and was 
detected in A113/B105* sandwich immunoassays. These 
included analogs which contain a glycosylation signal at 

35 residue 94 (i.e., MB145) , residue 95 (i.e., MB201) , or 
residue 96 (i.e., MB148) as well as analogs with three 
positive charges (i.e., MB278) or four negative charges 
(i.e., MB279) between Cys93 and CyslOO. Thus, we 
anticipate that mutations in this region will be 
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tolerated as long as they do not change the size of the 
Cys93-Cysl00 loop. 

EFFECTS OF MUTATIONS IN RESIDUES 94-97 OF CFlOl-109 ON LH 
5 AND FSH ACTIVITY 

Results of LH Binding Assays f F igures 3, — 4a^ 
and 4c) . In the parent application, we noted that CFIOI- 
109 bound to rat LH receptors and bovine FSH receptors. 

10 As illustrated in Figure 3, CFlOl-109 binds to human LH 
receptors and human FSH receptors. In the studies 
reported here we have used the rat LH receptor and human 
LH and FSH receptors to test the activities of the CFIOI- 
109 cinalogs. Modification of residues in the region of 

15 the molecule between 94-97 altered the affinities of 
CFlOl-109 analogs for LH receptors more than it altered 
their affinities for FSH receptors (Figure 3) . The 
charge of the amino acids in this region was correlated 
with LH activity (Figures 4a and 4c) . Binding to LH 

20 receptors was enhanced when at least one positive charge 
or no negative charges were present in the 94-97 region. 
Thus, while analogs MB154 (ASDT) , MB152 (DSAT) , MB202 
(DSDT) , and MB279 (DDDT) competed well with ^^^I-hFSH for 
binding to' FSH receptors, they had the lowest ability to 

25 compete with ^^^I-hCG for binding to LH receptors. 
Inclusion of a positive charge or replacement of a 
negative charge with one positive charge resulted in much 
better binding to LH receptors without substantially 
altering binding to FSH receptors. Thus, analogs MB151 

30 (DSRT) and MB147 (RSDT) were more active than MB154 
(ASDT), MB152 (DSAT) , MB202 (DSDT) or MB279 (DDDT) in the 
LH receptor assay. Elimination of all negative charges 
was sufficient to increase the LH activity. Thus MB155 
(QIST) was more active than MB154 (ASDT) , MB152 (DSAT) , 

35 MB202 (DSDT) or MB279 (DDDT) . As a rule, analogs with no 
negative charges had the greatest ability to bind to LH 
receptors. These included MB149 (QRST) , MB150 (RQST) , 
MB145 (NRST) , MB201 (RNST) and MB194 (RSRT) . With some 
exceptions, notably the lower activity of MB147 (RSDT) 
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relative to that of MB151 (DSRT) , the locations of the 
charged residues had only a small influence on binding to 
LH receptors. For example, both MB149 (QRST) and MB150 
(RQST) were very active even though they have Arg 
5 residues at different positions. Likewise, the ratio of 
LH/FSH activity of MB151 (DSRT) was only slightly less 
than that of MB147 (RSDT) . While most position effects 
were relatively minor, the residue in which a negative 
charge had the greatest influence on LH receptor binding 
10 appeared to be number 96. These results suggest that 
analogs having high FSH specificity can be prepared by 
substituting negative charges in the region of the 
molecule between Cys93 and CyslOO. Use of positive 
charges in this region is expected to lead to enhanced LH 
15 receptor interactions. 



Results of FSH Binding Assays fFicmres 3 and 
4bl. In general, substitutions in the region between 94 
and 97 had a much lower effect in the FSH binding assays 

20 than in the LH binding assays. Most analogs were more 
than 20% as active as FSH in this assay. The major 
exception to this statement was analog MB153 (DRDT) . 
This analog was more active in LH receptor binding assays 
than in FSH receptor binding assays even though it had 

25 negative charges at residues 94 and 96. 



Results of LH-receptor induced cyclic AMP 
formation assays (Ficrure 7^ - Most analogs which bound to 
LH receptors were capable of stimulating cyclic AMP 
formation. Their potency relative to hCG was similar to 
their potency relative to hCG in receptor binding assays. 

Results of FSH-receptor induced cyclic AMP 
formation assays f Figure 7^ , Most analogs which bound to 
FSH receptors were capable of stimulating cyclic AMP 
formation. Their potency in this assay was only 
approximately 10% of that of their expected potency based 
on their abilities to bind to FSH receptors. CF94-117 
was also somewhat less capable of eliciting cyclic AMP 
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accumulation in CHO cells bearing FSH receptors. This 
observation is sirrprising because CF94-117 was nearly 
equally effective as FSH in inducing steroidogenesis in 
cultured granulosa cells (27), a response presumed to be 
5 mediated by cyclic AMP (35). This, in the case of FSH 
receptors, we anticipate that the ability of all analogs 
to stimulate granulosa cell steroidogenesis will be 
better thcin their abilities to stimulate cyclic AMP 
accumulation in cells that stably express the FSH 
10 receptor. 

EFFECTS OF MUTATIONS IN RESIDUES 101-114 OF CFlOl-109 ON 

LH AND FSH ACTIVITY 

15 The region of the Jbeta-subunit between residues 

108 and the C-terminus was found to influence the 
specificity of hormone binding. We observed that analog 
MB202 had at least 10-fold greater ability than CF94-117 
to bind to LH receptors (Table 6) . The differences 

20 between MB202 and CF94-117 include the substitution of 
Thr for Ser97 and the sequence AspAspProArg for 
SerPheGlyGluMetLysGlu at the C-terminus. Previous 
studies indicated that CF94-114 had equal activity as 
CF94-117 (27) suggesting that the three residues at the 

25 MBxy C-terminus of hFSH (i.e., MetLysGlu) did not have a 
role in binding specificity. To identify a role for 
Ser97 in binding specificity, we prepared PRM8. This 
analog differed from MB202 only in the presence of Ser at 
position 97. PRM8 boxind to LH receptors better than 

30 CF94-117 suggesting that Ser97 was not important for 
discriminating LH and FSH receptors. It also suggested 
that residues between 111 and 114 or 111 and 117 had an 
important role in suppressing binding of FSH to LH 
receptors. To examine an influence of the C-terminus, we 

35 prepared PRMl and PRM2. PRMl is similar in structure to 
CF94-114 (27) except that it also contains residues 115- 
145 of the hCG C-terminus. PRMl had similar abilities as 
CF94-117 to distinguish LH and FSH receptors. This 
suggested that FSH residues 111, 112, 114, and/or 114 
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were needed to reduce LH receptor binding to the level 
observed in CF94-114 or CF94-117. The influence of 
residues 111-114 on LH. receptor interaction is lower than 
that of residues between 94-97. By comparing the 
5 activities of PRM26 (Table 6) , PRMl (Table 6) , and CF94- 
97, 108-114 (Table 3), it can be seen that substituting 
hFSH Jbeta-subunit sequences 105-108 for residues 111-114 
does not appear to substantially alter the ability of the 
analog to bind to LH receptors when residues 94-97 or 

10 residues 101-106 of the analogs are derived from hCG 
jbeta-subunit. However/ CF94-114, CF94-117, PRMl, and 
PRM2 have low LH activity. This shows that substitution 
of hFSH Jbeta-subunit residues 105-108 for analogs 111-114 
can modulate LH receptor activity when residues 94-108 

15 are derived from hFSH jbeta-subunit. The ability of PRM2 
to bind to FSH receptors suggests that substitution of 
Phe for Tyrl09 does not alter binding specificity or 
affinity. 



20 In further support of a role of residues 

between 101-109 in FSH receptor binding, we observed that 
PRM3, an analog which differed from PRMl by the presence 
of hCG Jbeta-subunit sequences in the region between 
residues 108-114, bound poorly to LH receptors yet had 

25 unexpectedly low affinity for FSH receptors. The low 
binding of PRM3 to LH receptors was caused by the 
presence of negative charges in the region of the 
molecule between residues 94 and 97. Since CFlOl-109 
binds FSH receptors well and PRM3 has low affinity for 

30 FSH receptors, it appears that residues 108 and 109 
contribute to the ability of the heterodimer to recognize 
LH and FSH receptors. Suppression of LH binding activity 
in PRM8 and MB202 requires modification of amino acids 
between residues ill and 114. The ability of PRM2 to 

35 bind to FSH receptors suggests that substitution of Phe 
for Tyrl09 does not alter binding specificity or 
affinity. 
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The following are the preferred analogs of the 

invention: 

CFlOl-109, MB278: These two analogs give high binding to 
5 both LH and FSH receptors and are active in inducing a 
biological response. 

PRMl^ PRM2: These two analogs have the greatest 
selectivity to FSH receptors. 

10 

MB202: This analog has high FSH activity with small 
amounts of LH activity. 

This invention teaches the regions of the 
15 glycoprotein hormone jbeta-subunit which controls the LH 
and FSH receptor binding activity. These regions are 
found between the 10th and 12th cysteine residues. A 
secondary determinant is also fo\ind within a few residues 
C-terminal of the 12th cysteine. Since the overall 
20 structure of the glycoprotein hormones has been conserved 
during evolution, it is expected that the same regions of 
all vertebrate gonadotropins are involved in receptor 
binding specificity. Thus, to obtain analogs with high 
LH and FSH activity, one would prepare alpha, beta- 
25 heterodimers from the glycoprotein alpha-subxxnit and a 
beta-sxib\init analog of LH in which the region between the 
11th and 12th cysteines was substituted by the residues 
found between the 11th and 12th cysteines of FSH. To 
reduce the LH activity of this analog, one would 
30 substitute residues between the 10th and 11th cysteines 
with those foxind between the 10th and 11th cysteines of 
FSH. In the case of mammalian hormones, one can also 
reduce the positive charges and/or increase the negative 
charges in this region. To reduce the LH activity 
35 further in this analog, one would substitute the residues 
immediately C-terminal of the 12th cysteine with those of 
FSH. To influence the FSH activity of this analog, one 
would alter the residues between the 11th and 12th 
cysteine. One effective strategy in reducing FSH 
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activity is to employ residues from LH. By manipulating 
the residues between the lOth and 12th cysteines in the 
LH or CG Jbeta-subunits in this way; one can prepare 
analogs of glycoprotein hormones with nearly any desired 
5 receptor binding specificity. In addition, by use of 
positive charges between the lOth and llth cysteines, it 
is possible in mammalian hormone to enhance the binding 
of the analog to either LH or FSH receptors. Since 
residues between the 1st and 10th cysteine residues of 
10 the beta-subunit do not have a great influence on 
receptor binding specificity, the composition of residues 
in this region will be of much less importance. 



TABLE 4* 

15 

Antibody Combination 





Analog 


B109/B105* 


B107/B105* 


A113/B105* 








(ug/ul) 


(ug-/ul) 


(ug/ul) 


20 


MB144 


(DRST) 


0.17 


1.01 


0.41 




MB145 


(NRST) 


0.40 


1.53 


1.79 




IIB146 


(RSST) 


0.12 


0.15 


0.11 




MB147 


(RSDT) 


0.02 


0.03 


0.04 




MB148 


(RSNT) 


0.00 


0.01 


0.03 


25 


NB149 


(QRST) 


0.16 


0.87 


1.45 




MB151 


(DSRT) 


0.09 


1.67 


2.33 




MB152 


(DSAT) 


0.03 


1.72 


0.45 




MB153 


(DRDT) 


0.00 


0.12 


0.10 




MB154 


(ASDT) 


0.06 


1.88 


3.08 


30 


MB155 


(QIST) 


0.10 


1.32 


1.77 




MB140 


(DLRST) 


0.00 


0.00 


0.00 



wo 92/22568 



- 72 - 



PCTAJS92/05207 



* Coaparfson of estimates of the amounts of analog present in unconcentrated culture medium 
(ug/ul) b/ sandwich assays enploying antibody A113-8105 and B109-B105 combinations and hCG as a 
reference standard. Mot all analogs were examined in the B109/B105* or B107/B105* sandwich 
5 assays. We used the values obtained from the A113/B105* assay as the basis for all subsequent 

studies. 
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Analog 

5 

CF94-117 
CF94-114* 

PRM2 
10 PRM8 
MB202 
PRM3 
PRM26 



TABLE 6 * 

LH Binding Activity 

(relative to hCG) 

0.001 

0.001 
<0.001 
<0.001 

0.08 

0.06 

0.02 

1 



FSH Binding Activity 
(relative to hFSH) 
0.5 
1 

0.1 
0.2 

not measured 
0.4 

<0.001 
not measured 



15 * Effect of residues near CysllO on receptor binding 
specificity. The analogs were tested for their abilities 
to bind to LH and FSH receptors. 

20 Notes: The values illustrated were determined by 
measuring the ability of the analogs to inhibit the 
binding of ^^^I-hCG to intact cells stably expressing LH 
receptors and the binding of ^^^I-hFSH to intact cells 
stably expressing FSH receptors. *The values for GF94- 

25 114 were taken from our earlier publication and were 
determined using tissue homogenates (27) . 
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variations are not to be regarded as a departure from the 
spirit and scope of the invention and all such 
modifications are intended to be included within the 

25 scope of the following claims. 
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1. An alpha , beta -heterodimeric polypeptide 
having binding affinity to vertebrate luteinizing hormone 
5 (LH) receptors and vertebrate follicle stimulating 
hormone (FSH) receptors comprising a glycoprotein hormone 
alpha -subunit polypeptide and a non-naturally occxirring 
beta -subunit polypeptide, wherein the beta-subunit 
polypeptide is a chain of amino acids comprising the 
10 following four joined subsequences: 

(a) a first subsequence homologous to the amino 
acid sequence of residues 1-93 of the beta -subunit 
selected from the group consisting of human chorionic 

15 gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; 

(b) a second subsequence homologous to the 
20 amino acid sequence of residues 94-97 of the beta -subunit 

selected from the group consisting of hviman chorionic 
gonadotrophin (hCG) and vertebrate luteinizing hormone 
(LH) ; 

25 (c) a third subsec[uence homologous to the amino 

acid sequence of residues 98-100 of the beta -subunit 
selected from the group consisting of hiiman chorionic 
gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 

30 vertebrate thyroid stimulating hormone (TSH) ; and 

(d) a fourth subsequence homologous to the 
amino acid sequence of residues 101-110 of the beta- 
subunit of vertebrate follicle stimulating hormone. 

35 
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2 . The alpha . beta-heterodimeric polypeptide 
according to claim 1, wherein the glycoprotein hormone 
alpha-subunit polypeptide is a- hxman alpha-subunit 
polypeptide. 

5 

3. The alpha , beta-heterodimeric polypeptide 
according to claim 1, wherein the glycoprotein hormone 
alEha-subunit polypeptide is the alpha-subunit of hCG. 

IQ 4. The alpha , beta -heterodimeric polypeptide 

according to claim 1^ wherein the first subsequence is 
homologous to residues 1-93 of the beta-subunit of human 
chorionic gonadotrophin (hCG) , the second siibsequence is 
homologous to residues 94-97 of the beta- subunit of human 

15 chorionic gonadotrophin (hCG) , the third subsequence is 
homologous to residues 98-100 of the beta-subunit of 
human chorionic gonadotrophin (hCG) , and the f oxirth 
subsequence is homologous to residues 101-110 of the 
beta- subunit of vertebrate follicle stimulating hormone. 

20 

5. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and the alpha, beta- 
heterodimeric polypeptide according to claim 1. 

25 6. An alpha, beta -heterodimeric polypeptide 

having greater binding affinity for vertebrate follicle 
stimulating hormone (FSH) receptors than for vertebrate 
luteinizing hormone (LH) receptors comprising a 
glycoprotein hormone alpha-subunit polypeptide amd a non- 
30 naturally occurring beta -subunit polypeptide, wherein the 
beta-subunit polypeptide is a chain of amino acids 
comprising the following four joined subsequences: 



(a) a first subsequence homologous to the amino 
35 acid sequence of residues 1-93 of the beta -subunit 
selected from the group consisting of htiman chorionic 
gonadotrophin (hCG) , vertebrate luteinizing hormone (LH) , 
vertebrate follicle stimulating hormone (FSH) , and 
vertebrate thyroid stimulating hormone (TSH) ; 
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(b) a second subsequence comprising 4 amino 
acids for residues 94-97; 

5 (c) a third subsequence comprising 3 eunino 

acids for residues 98-100; and 

(d) a fourth subsequence homologous to the 
amino acid sequence of residues 101-110 of the beta - 
10 subunit of vertebrate follicle stimulating hormone. 

7. An alpha . beta -heterodimeric polypeptide 
having binding affinity to follicle stimulating hormone 
(FSH) receptors and luteinizing honnone (LH) receptors 

15 comprising a glycoprotein hormone aloha -subunit 
polypeptide and a non-naturally occurring beta-subunit 
polypeptide, wherein the beta -subunit polypeptide is a 
chimera comprised of amino acids 1-100 of any vertebrate 
glycoprotein hormone homologous to amino acids found in 

20 residues 1-100 of hximan chorionic gonadotropin and any 1- 
20 amino acids which binds LH receptors better than FSH 
receptors and has biological activity. 
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AME^ED CLAIMS 

[received by the totematicxial Bureau on 30 Novoriber 1992 (30.11.92); 
original claims 1-7 replaced by amended claims 1-8 (3 pages) 3 

1. An alpha, ^£Zzz-heterodimeric polypeptide having binding affinity to 
vertebrate luteinizing hormone (LH) receptors and vertebrate follicle stimulating hormone 
(FSH) recq)tors consisting essratially of a glycoprotein hormone fl^fta-subunit polypeptide 
and a non-naturally occurring te/a-subunit polypq)tide, wherein the ^e/a-subunit 
polypeptide is a chain of amino adds comprising the following four joined subsequraces: 

(a) a first subsequence homologous to the amino add sequrace of residues 
1-93 (hCG nmnbering) of the ftcra-subunit selected from the group consisting of human 
chorionic gonadotrophin (hCG), vertebrate luteinizing hormone (LH), vertebrate follicle 
stimulating hormone (FSH), and vertebrate tiiyroid stimulating hormone (TSH); 

(b) a second subsequence homologous to the amino add sequence of 
residues 94-97 (hCG numbering) of the ^em-subunit selected from tiie group consisting of 
human chorionic gonadotrophin (hCG) and vertebrate luteinizing hormone (LH); 

(c) a third subsequence homologous to the amino add sequmce of residues 
98-100 (hCG numbering) of the ^em-subunit selected from tiie group consisting of human 
chorionic gonadotrophin (hCG), vertebrate luteinizing hormone (LH), vertebrate follicle 
stimulating hormone (FSH), and vertebrate thyroid stimulating hormone (TSH); and 

(d) a fourth subsequence homologous to the amino add sequrace of residues 
95-104 (FSH numbering) of the fteftz-subunit of vertebrate follicle stimulating hormone. 

2, The alpha, *efa-heterodimeric polypeptide according to claim 1, wherdn 
the glycoprotdn hormone o^^-subunit polypeptide is a human o/p^-subunit polypq)tide. 

3. The alpha, 6efa-heterodimeric polypeptide according to daira 1, wherein 
tile glycoprotein hormone o^Aa-subunit polypeptide is the alpha-sxtoxsmi of hCG. 
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4. The alphay Z^cra-heterodimeric polypeptide according to claim 1, wherein 
the first subsequrace is homologous to residues 1-93 of the Ae^-subunit of human 
chorionic gonadotrophin (hCG), the second subsequence is homologous to residues 94-97 
of the ^eto-subunit of human chorionic gonadotrophin (hCG), the third subsequrace is 
homologous to residues 98-100 of the Z>em-subunit of human chorionic gonadotrophin 
(hCG), and the fourth subsequence is homologous to residues 101-110 of the Z^^^-subunit 
of vertebrate follicle stimulating hormone. 

5. A pharmaceutical composition comprising a pharmaceutically acceptable 
carrier and the cdphUy ^ra-heterodimeric polypq)tide according to claim 1. 

6. An alpha, ^era-heterodimeric polypeptide having greater binding affinity 
than luteinizing hormone (LH) for vertebrate follicle stimulating hormone (FSH) receptors 
consisting essentially of a glycoprotein hormone alpM-SiAmsit polypq)tide and a non- 
naturally occurring ^em-subunit polypeptide, wherein the ^/a-subimit polypeptide is a 
chain of amino adds comprising the following four joined subsequraces: 

(a) a first subsequrace homologous to the amino acid sequence of residues 
1-93 (hCG numbering) of the Z>e/a-subunit selected from the group consisting of human 
chorionic gonadotrophin (hCG), vertebrate luteinizing hormone (LH), vertebrate follicle 
stimulating hormone (FSH), and vertebrate thyroid stimulating hormone (TSH); 

(b) a second subsequence comprising 4 amino adds for residues 94-97 (hCG 

numbmng); 

(c) a third subsequoice comprising 3 amino adds for residues 98-100 (hCG 
numbering); and 

(d) a fourth subsequence homologous to the amino acid sequence of residues 
95-104 (FSH numbering) of the toa-subunit of vertebrate follide stimulating hormone. ■ 
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7. The a^ha, ieto-heterodimeric polypq)tide according to claim 6, wharin 
lesidues 94-97 are oflier than Asp-Ser-Asp-Ser. 

8. An alpha, Z>efti-hetModimaic polypeptide having greater binding affinity 
than lutdnizing hormone for foUide stimulating hormone (FSH) lecqrtors consisting 
essoitially of a glycoprotdn hormwie afyha-sabwnt polypeptide and a non-naturally 
occurring betasahvmt polypeptide, wherdn the beta-suhumt polypeptide is a chimaa 
comprised of amino adds 1-100 of any vertebrate glycoprotdn hormone homologous to 
amino adds found in residues 1-100 of human chorionic gonadotropin and any 1-20 amino 
adds which binds LH recq)tors betta: than FSH recq)tors and has biolc^cal activity. 
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FIGURE 5 
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FIGURE 7 
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